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Rasulte  obtained  for  the  spoctral  oBlttsnce  of  aaterlals 
measured  in  air  at  intoraediate  tenperatures  of  aboat  1400^ 
are  eonpared  to  the  spectral  reflectances  Masared  at  room 
tenperature  to  provide  an  appraisal  of  the  effect  oi  tenperature 
on  those  radiation  properties.  The  teaparatore  effect  is  found 
to  be  ssuill  for  oxidized  aetals  and  for  eeraaie  coatings  and 
soae  of  the  apparent  effects  are  still  associated  with  varia¬ 
tion  of  the  aaterial  and  with  inaccuracy  of  aeasureoent. 

Spectral  eaittances  for  aetals  sore  deterained  only  for  plat- 
Inoa;  these  results  and  those  of  other  investigators  are 
analyzed  to  shoo  that  the  apparent  coincidence  in  tbs  appli¬ 
cability  of  the  Hagen-Rubens  equation  is  of  increased  validity 
at  higher  teaperatures  and  that  this  is  the  basis  for  the 
applicability  of  that  foraulation  to  the  specification  of  the 
total  enittance. 

A  ayates  designed  for  the  deterslnatlon  of  the  spectral 
enittance  of  netals  or  of  aaterials  with  netallic  substrates, 
la  vacuun  or  in  an  inert  atnosphere,  is  described  and  pre- 
llainary  results  are  indicated  for  mconel. 

Spectral  and  total  properties  of  various  naterlals  ob¬ 
tained  in  certain  tasks  are  also  presented,  this  conprising 
particularly  the  properties  of  ceraaic  coatings  prepared  by  the 
Chaace-Vought  Coapaay. 
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The  first  part  of  this  report  presented  thsrml  ra41e.° 
tlon  properties  of  a  ntmher  of  satorials  asd  also  dosorlhod  the 
systons  by  Bsaas  of  «hleh  these  properties  ears  obtaised.  Th@ 
properties  sere,  is  jeneral,  aoraal  yelues  oaly,  sad  eosprlsed 
the  spectral  reflectance  from  0.30  to  25  aicrons,  of  the  aater-° 
ial  at  ro^  teiaperature:  the  spectral  reflectance,  fr(^  1  to 
25  Blerons,  of  the  natarlal  at  a  teeperature  of  1000^1  and  the 
total  eaittaaee  for  tenperatuires  froe  500OF  to  2500Op,  all  being 
MMured  in  air.  Spectral  properties  at  higher  temparatores  arc 
best  detersiaed  as  salttaseee  and  there  eas  described  a  systcR 
for  spectral  noraal  snittaaee  deterBinatlons  in  ehlch  the  sanple 
eas  la  air  and  vlth  ehieh  temperatures  up  to  1800^  could  be 
obtained.  At  that  tine  only  a  fee  results  eere  arailidals  free 
tais  systsB  end  for  oxidized  nickel  alloys  these  indicated,  for 
■ost  of  the  range  fron  2  to  15  nlcrons,  a  correspoBdenee  beteeea 
tho  roflectanco  deduced  froa  the  enlttance  Masured  at  high 
temperature  and  the  reflectance  seasured  at  roos  tenperature. 
This  eorroboratedf  relatively,  the  results  found  for  the  re¬ 
flectance  of  oxidized  and  coated  aaterials  at  1000<^,  ebleh  eer® 
only  slightly  different  froa  those  measured  at  rooa  teaperature, 
but  ebleh  did  depart  froa  then  sufficiently  so  that  the  total 
eaittaaee  predicted  froa  the  apaetral  valuee  aeasurad  at  1000<>y 
turned  out  to  be,  for  those  good  eaitters,  about  S%  beloe  the 
enlttance  predicted  from  the  reflectance  Boacured  at  nxm  toa-^ 
perature.  The  aaesured  total  enlttances,  aoreoTor,  sere  closer 
to  the  prediotion  Bade  froa  the  rooa  teaperature  reflectanco 
than  from  the  prediction  baaed  on  the  reflectance  neasured  at 
high  teaperature. 

Additional  results  for  the  spectral  omittance  at  teapera- 
tures  between  120007 _aad  ISOOOy  are  given  here.  Because  of  the 
air  environieent  in  vhlch  the  sample  vas  situated,  these  results 
are  Halted  to  oxidized  and  to  coated  netals,  and  for  polished 
platinum.  Clearly  the  clioination  of  oxidation  effects  requires 
aeasureBenta  in  an  inert  ataosphere  or  in  a  vacuus  »d  the 
systea  fron  ohleh  the  results  vere  obtained  vaa  an  Int^rin  device 
to  the  closed  syeteia  vblch  vas  developed  subsequently  and  vbleh 
is  described  in  Section  4.  The  results  froa  this  unit  ar®  still 
prolialnary  and  are  not  reported  except  as  they  appear  in 
Section  4. 
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Th9  results  for  the  spectral  esittamce  of  oxidised  ssd 
coated  Mterlels  are  cospared  is  Sectlos  2  to  the  results  for  the 
r^fleetane®  at  rem  teaperature,  Vhile  these  c^parlsoss  are 
still  affected  variability  ia  the  saterial  itself ,  the  is- 
dlcatloa  of  the  coaparison  is  oas  of  relatively  ssall  effects 
of  teapsrature  on  the  spectral  properties  of  these  dielectric 
surfaces.  The  dlffereoces  that  do  exist  occur  in  the  loi^  wave 
length  regioSt  so  that  they  exert  but  a  ssall  influence  on  the 
total  esittuee  at  high  temperatures. 

The  effect  of  tesperature  on  the  spectral  esittance  of 
awtals  is  considered  In  Section  3,  in  reference  to  the  results 
obtained  for  platinua  and  to  available  results  for  nickel.  A 
reviev  of  the  electroaagsetlc  theory  and  the  contribution  of 
photoelectric  effects  is  conbined  with  the  available  results  in 
an  examination  of  the  reliability  of  the  often  specified  Bagea- 
Buhens  relation  for  the  specification  of  the  esittance  of  setals, 
to  indicate  that  its  applicability  is  due  apparently  to  a  coin¬ 
cidence  of  effects.  Results  for  the  effect  of  surface  stress  on 
the  reflectance  at  roos  tesperature  are  presented  also  to  in¬ 
dicate  that  this  effect  also  nay  provide  correspondence  vith 
the  Hagan-Bubens  relation  even  for  setals  such  as  copper  for 
shich  it  vould  ordinarily  be  considered  inappropriate. 
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TMPEMITOE  EUSCTS  OB  THE  RETLSCTiUfGl 
Of  COATED  OE  OIIDIllD  MITALS 


Th®  thsrml  rftdiatloti  properties  of  set&ls  coated  vith  re» 
fraetory  naterials  and  of  natals  «lth  veil  oxidised  surfaces  are 
determined  by  the  properties  of  these  surface  layers.  These 
layers  are  essentially  dielectric,  vith  optical  properties  deter" 
mined  by  oscillators  associated  vith  electronic,  ionic,  and 
molecular  vibrations.  Except  near  these  resonance  frequencies, 
the  absorption  tends  to  be  lov  and  the  index  of  refraction  rela^ 
tlvely  invariable  and  soma  of  the  absorption  of  these  layers 
arises  also  from  the  irregularity  of  the  surface  and  from  in" 
temal  interfaces  vhich  diminish  the  transmission  through  multi¬ 
ple  reflection  and  scattering.  In  broad  spectral  regions  the 
reflectance  of  the  material  is  lov  and  relatively  constant,  as 
is  expected  for  a  dielectric. 

The  temperature  dependence  of  the  radiation  properties  of 
such  materials  is  usually  presimed  to  be  small,  a  vlev  of  course 
guided  by  the  lov  reflectance  of  these  materials  in  general,  so 
that  even  a  significant  change  in  the  reflectance  affects  very 
little  the  total  emlttance  of  the  material.  This  latter  effect, 
of  course,  has  been  demonstrated  by  the  fair  predictions  of 
total  anittance  at  elevated  temperatures  that  are  produced  from 
the  reflectance  measured  at  lov  temnerature.  A  more  direct 
assessment  is  naturally  obtained  by  the  measurement  of  spectral 
properties  at  higher  temperature,  and  reflectances  have  been 
measured  for  numerous  materials  of  the  type  under  consideration, 
as  reported  previouslyCD  and  here  after  described.  These 
hovever,  vere  scarcely  sufficiently  definitive,  other  than  in¬ 
dicating  that  temperature  effects  vere  small.  Since  the  tem¬ 
perature  at  vhich  reflectance  could  be  determined  vas  limited  to 
the  order  of  1000®F,  studies  of  the  effect  of  higher  temperatures 
on  the  spectral  properties  required  the  measurement  of  spectral 
emlttance.  Such  measurements  vere  made,  in  air,  vith  sample 
temperatures  in  the  temperature  range  from  1200°F  to  ISOO^F, 
using  a  system  previously  described.  The  results  therefrom  are 
the  major  presentation  of  this  section  and  these  support  the 
relative  invariability  of  the  spectral  properties  vith  the  tem¬ 
perature,  though  they  do  sbov  local  variations  vhich  are  moreover 
still  made  uncertain  by  the  question  of  the  stability  of  the 
material  vith  respect  to  further  oxidation  during  the  period  of 


Fiaffillft  thsre  Is  presested  s  brief  cans iderst lea  si  the 
•ffeet  <m  the  optical  coastaats  that  vouic  be  dus  to  bMd 
b^adealag  ia  a  slsgle  classical  oscillator,  ua  the  infeMace 
that  aa  Incroase  ia  bead  width  sight  accospaa?  aa  lacrease  ia 
teBperaturSf  these  results  do  support  sose  of  the  local  effects 
of  temperature  that  are  deaoastrated  by  the  results.  But  such 
eorrespoadeace  as  does  exist  is  at  preseat  iasuff iciest  to 
support  fnadaaeatally  the  assuaptlos  of  buid  broadealag  that  is 
iawolwed. 

2.3  Reflectaace  at  Elevated  Temperatures 

The  heated  cavity  reflectoseter  caa  be  operated  with  ele~ 
wated  sample  temperatures  by  decreaslag  the  amouat  of  sample 
eooliag,  as  previously  descrlbedCD.  The  radiatioa  detected  is 
tbea  composed  of  both  reflection  and  emission  and  the  latter 
contribution  3nist  be  subtracted  appropriately  in  terms  of  the 
measured  temperature  of  the  sample.  As  the  sample  temperature 
increases  the  portion  of  the  detector  response  that  is  due  to 
reflection  dininishes  snd  a  sample  temperature  of  1000<*F  is  the 
practical  limit  for  a  cavity  temperature  of  about  1400*^.  The 
detenBlnatloa  of  the  sample  temperatures  is  critical  and  aa 
error  of  10<>F  produces  errors  of  10%  in  the  reilectaace  for  a 
material  having  a  reflectance  of  0.20.  This  error  diminishes  at 
wave  lengths  belov  4  microns  and  better  results  are  achieired  at 
short  wave  lengths.  The  temperature,  measured  by  a  thermocouple 
welded  to  the  metallic  substrate  at  the  cooled  side  of  the 
sample,  tends  to  be  lower  than  that  of  the  surface  layer,  so  that 
the  contribution  of  the  emission  tends  to  be  deficiently  ap¬ 
praised,  yielding  a  situation  in  which  the  Indicated  reflectance 
tends  to  bo  too  high. 

The  roflaetances  that  ware  obtained  at  a  temperature  of 
lOOOop  either  coincided  closely  with  the  reflectance  measured 
at  room  temperature  or  were  higher  at  wave  lengths  below  about 
8  microns  and  at  longer  wave  lengths  were  slightly  below  the 
values  measured  at  room  temperature.  Since  it  is  the  reflec¬ 
tance  at  shorter  wave  lengths  that  makes  the  significant  contri¬ 
bution  to  total  values  at  high  temperature,  a  lower  total  emit- 
tuice  was  predicted  from  the  reflectances  measured  at  high 
temperature  than  was  predicted  from  the  reflectances  measured 
at  room  temperature.  The  experimental  values  of  total  emlttancA 
showed  the  opposite  behavior  and  this  easts  doubt  on  the  higher 
spectral  refleccaaces  found  at  short  wave  lengths  with  a  hot 
sample.  The  spectral  emittanee  results  which  follow  imply  also 
that  the  tvo  reflectances  should  have  been  more  nearly  the  same 
in  the  short  wave  length  region. 


4 


Am  sa  intermediate  step  t@  the  coesstructioa  of  the  eyatoa 
mhlch  ie  described  in  Section  4  for  the  determiDation  of  spectral 
eaittSQces  at  high  temperature  is  an  inert  atmosphere,  there 
developed  a  system  for  operation  in  air  at  temperatures  up  to 
about  1800*^  and  this  system  has  been  described^^) .  Basically, 
it  is  comprised  of  a  heated  cavity  and  of  a  sample  heating  fur¬ 
nace  for  heating  the  sample  by  irradiation  on  the  aide  opposite 
to  that  observed.  A  mirror  system  permits  observation  of  either 
the  cavity  or  the  sample  through  the  same  set  of  optics  and  the 
emittance  is  determined  from  the  detector  response  in  the  tuo 
observations  together  vith  the  observed  tesperatores  of  the 
cavity  and  of  the  sample.  The  i^jor  error  in  the  emittance  so 
dstsrmined  is  associated  with  the  measurement  of  sample  tem¬ 
perature  and  an  error, AT,  in  this  determination  (or,  more 
specifically,  an  aggregate  error  of  AT  in  the  temperature  of 
sample  and  cavity),  produces  an  error  in  the  emlttuiee  of 

serious  at  short  vave  lengths  and  renders 
quite  questionable  the  results  at  save  lengths  below  2  microns 
when  the  operating  temperature  is  of  the  order  of  1500^.  Since 
the  temperatiure  of  the  radiating  layer  on  a  coated  sample  tends 
to  be  below  the  measured  substrate  temperature,  the  emittances 
as  determined  are  too  low,  and  the  Inferred  reflectances  con¬ 
sequently  tend  to  be  high.  Thus  the  trend  of  error  due  to 
temperature  variation  in  the  curface  layer  is  the  same  as  it  is 
in  ths  "hsatsd"  reflectance  determinations,  with  a  magnitude 
that  depends  on  the  conductivity  and  thickness  of  the  surface 
layer.  The  actvsl  nature  of  the  emittance  data  obtaiaed  does 
suggest,  however,  that  the  thermocouple  readings  tended  to  be 
low  and  the  emittance  as  evaluated  was  probably  above  rather 
than  below  the  true  value. 


In  the  desire  to  maximize  the  temperature  uniformity  in  the 
region  of  observation,  the  original  design  of  the  spectral  emlt- 
tanee  unit  required  samples  1-7/8  inches  la  diameter.  Thus, 
when  a  reflectance  determination  was  desired  after  an  emittance 
measurement,  a  7/8  inch  diameter  reflectance  sample  bad  to  be 
cut  from  the  center  of  the  emittance  sample.  To  achieve  an 
optimum  comparison  this  was  done  for  all  the  cases  here  reported 
but  this  requirement  limited  to  Oue  the  comparisons  between 
reflectance  and  emittimee  that  could  be  achieved.  Later  ezmai- 
natlon  showed  that  7/8  inch  diameter  samples  could  be  used  in 
the  emittance  unit  but  this  change  was  not  made  early  enough  to 
be  of  profit  in  the  group  of  measurensnts  presented  here. 

Results  tjre  preaonted  for  the  nickel  alloys  19253,  41, 

and  Inconel,  and  for  the  naterlal  ES2S,  all  of  which  had  oxide 
layers  which  appeared  to  be  relatively  stable  in  rospoct  to 
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tCBp^FEture  cycles  beloe  1800®F.  In  ndditlODf  results  we  sboro 
for  Stainless  Steel  A288,  *ith  *bich  howerer  the  oxidation  was 
prt^seestv^f  and  for  certain  coatod  aaaples  with  a  aolybdenu* 
substrate;  obtained  free  the  Chance-Vought  Co,  The  results  are 
Indicated  as  reflectances,  one  being  unity  sinus  the  enlttwce 
neasured  at  high  teaperature,  and  the  other  the  reflectance 
deterained  froa  the  swe  sasple  at  rooa  teaperature  after  the 
eaittance  detaralnation  was  ctMapleted, 

Oxidised  yichel  Alloys 

Figure  1  presents  the  results  tor  oxidised  Inconel  and  In¬ 
cludes  a  curwe  lor  the  low  teaperature  reflectivity  reported 
before(^) ,  The  present  results  agree  fairly  with  earlier  values, 
though  there  Is  separate  evidence  of  considerable  difference 
in  the  spectral  properties  of  different  Inconel  saaples.  Except 
in  the  region  of  9  alcrons,  there  is  close  correspondence  be¬ 
tween  the  reflectances  at  high  and  low  temperature  and  iron  the 
experiaental  standpoint,  there  is  for  these  results  good  over¬ 
lap  between  the  results  obtained  with  the  NaCl  and  KBr  prisms, 
which  are  distluquished  by  different  point  designations  on 
these  and  on  the  succeeding  results. 

The  relative  Insensitivity  to  temperature  of  the  reflec¬ 
tances  shown  on  Fleurs  1  is  at  considerable  variance  with  the 
previous  resultsdl  for  oxidized  Incouel,  which  showed  a 
substantial  Increase  in  reflectance  at  high  temperature  for  short 
wave  lengths. 

Figure  2  shows  the  results  for  oxidized  alloy  11252,  and 
this  figure  contains  points  only  for  emlttance  values,  since 
oxidation  had  progressed  so  fw  la  this  sample  when  the  emlttance 
data  were  obtained  that  a  suitable  reflectuice  sample  could  not 
be  cut  from  it.  The  low  temperature  values  that  are  shown  by 
the  solid  curve  were  obtained  froa  a  different  sample  of  the 
same  material  but  below  9  microns  these  values  are  practically 
identical  to  those  deduced  from  the  emlttance,  while  at  long 
wave  lengths  the  reflectance  that  is  deduced  froa  the  emlttance 
is  lover  than  the  rooa  temperature  value.  A  dashed  curve  Is 
shown  for  the  reflectances  measured  at  lOOO^F  and  below  9  microns 
these  we  slightly  above  the  low  temperature  values.  If  agree¬ 
ment  is  forced  at  short  wave  lengths  then  the  agreement  with  the 
emlttance  results  is  improved  at  the  long  wave  lengths.  Only 
a  small  shift  would  be  needed  and  the  correspondence  that  is 
achieved  is  an  Illustration  of  the  stability  of  the  oxide  on 
this  material. 
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Fig,  1;  Spectral  Beflectance  of  Oxidized  Inconel 


Fig.  2:  Spectral  Reflectance  of  Oxidized  M  252 


Flgt&r@  3  shovo  rAsults  tor  Boas  41  (UnitOBp  41) »  a  aatorial 
slBOSt  the  SUM  as  MSSB,  but  the  results  obtalsed  slth  it  do  sot 
shoe  the  saase  kiod  of  agreeaent  that  Is  sboen  tor  the  latter 
saterial  on  Figure  2.  For  this  aaterial,  also,  the  retlectaso© 
a*'  low  tsaperature,  shoen  by  polats,  eaa  obtalaed  troa  the 
eaittaace  saapls  and  that  retlectaace  la  loser  thaa  the  one 
shoen  by  the  solid  curve  of  the  earlier  report.  A  dltterent 
original  apeclaen  eas  Involved  and  part  ot  the  dltterenee  In¬ 
dicates  the  variation  that  can  be  expected  la  the  saae  aatsrlal. 
The  eaittaace  and  retlectance  results,  sboen  by  points,  agree 
talrly  until  about  5  alerocs,  eitb  the  loe  tenperature  values 
beeoaing  higher  as  the  save  length  Increases.  At  long  save 
lengths  this  difference  becoaes  substantial. 


H82S  Cobalt  Chroalua  Alloi 


Figure  4  shoes  for  this  aaterlal  a  saall  Influence  of  tea- 
perature  on  reflectance  at  save  lengths  beloe  9  alcrons.  There 
Is  a  departure  above  this,  and  the  loe  tenperature  reflectance 
la  loser  than  the  high  tenperature  value  that  la  deduced  froai 
the  eaittaace  detemlnatlon.  For  save  lengths  above  15  alcrons, 
ebero  only  the  results  froa  a  different  reflectaaee  saaple  are 
available,  there  Is  a  substantial  change  due  to  the  change  la 
tenperature,  elth,  on  the  average,  a  higher  reflectance  at 
elevated  tenperature. 


Stainless  Steel  AJ86 

Moat  of  the  results  that  are  shoen  for  this  aaterlal  oa 
Figure  5  are  not  appropriate  for  an  appraisal  of  the  dependence 
of  tbe  reflectance  on  tenperature,  for  the  results  obtained 
froa  tbs  enlttance,  and  shoen  by  points  on  tbe  figure,  sere 
derived  from  an  originally  unoxldlzed  saaple  ehieh  oxidised 
progressively,  before  tbe  first  points  sere  obtalaed,  and  there¬ 
after  as  succeeding  data  eere  taken  at  various  subsequent  tlaes. 
Thus  the  points  reveal  tbe  effect  of  progressive  oxidation  but 
only  those  associated  elth  the  final  operation  cas  be  Inter¬ 
preted  as  bttlng  representative  of  a  veil  oxidised  condition. 


The  solid  curve  represents  tbe  loe  tenperature  reflectaaee 
obtained  froa  a  sell  oxidized  saaple  that  eas  cut  froa  another 
saaple  froa  ehlch  total  eaittaace  data  eere  obtalaed  and  the 
dashed  curve  represents  the  deduction  froa  spectral  eaittaace 
aeasured  on  this  saaple.  These  coaparable  results  do  correspond 
eell  up  to  8  alcrons;  ehlle  at  longer  vave  lengths  the  eaittaace 
Is  reduced.  The  higher  tenperature  reflectances  also  agree 
fairly  ulth  those  obtalaed  froa  the  first  spectral  enlttance 
saaple  after  tbe  longest  period  of  oxidation  and  there  appears 
to  be  a  definite  reduction  of  tbe  reflectance,  at  higher  ten¬ 
perature,  at  vave  lengths  above  8  alcrons. 
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CfeMe®~Y<wight  Coat«d  Itet^glRlg 


Part  of  tbo  prosran  on  ahlch  thla  raport  la  basad  Involvao 
tba  dataiminatloB  of  apactral  raflactancaa  aod  aalttancea,  aad 
total  aalttaBcas  for  eartaln  coated  Bolybdantui  aatarlals  pro- 
dacad  bj  tba  Cbaaea-Voucht  Coopany.  Tba  caraalc  eoatlaga  -wra 
lataadad  to  prarant  oxidation  of  the  subatrata  aad  tba  tberao- 
CQoplaa  attaebad  to  tba  subatrata  aara  coatad  ia  aa  affort  to 
praiaat  oxidation  at  tba  point  of  attacbaaat.  Idaally,  tba 
ralatira  stability  of  tba  coating  should  bars  protrldsd  rssults 
for  low  aad  high  tasparatura  raflactaaca  which  would  focus  quite 
diraetly  on  tha  affaet  of  tasparatura  on  this  proparty.  Actu¬ 
ally  than  axlstad  a  nuid>ar  of  intarfarlag  factors,  which  ara 
dafiaad  ia  datail  la  Saetlon  5.  The  radiation  propartlas  of 
diffaraat  saaplaa  of  tha  sane  aatarial  wara  found  to  wary  to 
sons  dagraa  and  tha  thamocoupla  atta^■^aants  to  tha  aaittaaca 
saaplas  failed  daapita  tha  obvious  cai  takaa  ia  aaking  tha 
attachsant.  Tha  lattar  difficulty  raq  irad  thanocoupla  ra- 
attaohaant  on  tha  aatalllc  subatrata  aL.d  tha  coasaquant  oxida¬ 
tion  problass  than  llaltad  to  about  1200^  tba  tasparatura  at 
which  tba  apactral  cmlttanca  could  ba  detamlaad. 

Pigura  6  shows  for  tba  ttaraa  types  of  coating  involTsd,  tba 
raflactaaca  at  1200^  as  iafarrad  fron  tba  anittaaea  obtained  at 
that  tanparatvr,!  aad  tha  figure  also  shows  the  reflectaaee  at 
roon  taspermture  as  obtained  from  a  raflactaaca  seapl*  out  fron 
tba  larger  saapla  after  tba  spectral  aslttance  bad  bean  dater- 
alaad.  A  third  curra,  a  light  dashed  line,  is  showa  to  ravaal 
that  tbaxw  existed  aa  affect  of  aging  daspita  tba  coating  of 
tha  aatarial  aad  this  curra  is  tha  roon  tasparatura  raflactaaca 
obtained  fron  tha  aase  saapla  after  baatiog  la  air  for  one  hour 
at  2000^,  subsequant  to  tha  first  raflactaaca  datarsinatlon. 

Of  course  the  edges  of  this  7/8  inch  saapla  wara  bare  after  it 
had  bean  cut  fros  tba  aaittaaca  suapls,  but  tba  aridance  of  tha 
IC0O3  coating  on  tha  aaapla  aztar  this  aging  was  such  as  to  sake 
it  iaprobabla  that  this  oxide  condensed  froa  araporatlon  fron 
the  edges  but  rather  originated  fron  gas  penetration  through  tbo 
coating.  Slallar  traataent  of  a  fully  coated  7/8”  diaaeter 
saapla  also  lad  to  slailar  results.  What  can  ba  considered  ia 
support  of  tha  coaparability  of  the  basic  reflectaaee  curves  of 
Figure  6  is  that  tbs  eaittance  saaple  was  aever  heated  to  such 
aora  than  1200*’F  aad  tha  aging  of  tha  saapla  after  tbe  first 
”eold"  reflectance  neasureaent  was  tbe  iTlrst  period  of  exposure 
to  higher  tenparatura. 

Tha  raflactaneas  at  low  and  high  tenparatura  for  tha  nat- 
arial  CT  IX  •f  XX  ara  practically  the  saan  below  6  alcrons, 
after  which  tha  high  tenparatura  reflectiince  is  alternately 
below  aad  above  tbe  low  tenparatura  valuo.  Only  at  12  alcrons 
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is  tbls  differesce  Iftrg®. 

Slallar  results  ««ra  obtained  vlth  CV  II  +  Ferroboron, 
though  vltb  it  the  high  tenperature  reflectance  becomes  lover 
a£  long  save  lengths.  For  the  naterial  CV  II  >  IX  plus  a 
coating  of  flane  sprayed  TlOj,  higher  reflectances  were  produced 
by  the  TlOn  coating  but  the  effect  of  temperature  on  the  re¬ 
flectance  is  again  relatively  small,  with  lover  reflectances 
Indicated  at  the  higher  temperature. 


2.4  The  Effect  of  Tonperature  on  the  Optical  Constants 


There  are  apparently  no  clear  present  appraisals  of  a  pre¬ 
dicted  effect  of  temperature  on  the  optical  constants  of  die¬ 
lectric  uterials  and  consequently  on  the  spectral  reflectivity 
that  is  determined  by  these  constants.  In  the  absence  of  firm 
theoretical  guides  for  the  consideration  of  results  such  as 
have  been  presented,  even  qualitative  considerations  nay  be 
useful  and  those  associated  vith  the  model  of  a  classical  oscil¬ 
lator  are  reviewed  briefly  here.  In  that  view,  the  optical 
properties  are  given  as: 


2.1 


+  U}*f- 


2.2 


The  sum  is  taken  over  all  the  resonant  frequencies  Ht;  for  each 
of  which  the  damping  is  gi  ;  and  at  which  there  are  A/,-  oscil¬ 
lators  per  unit  volume,  of  effective  mass 

If  this  situation  is  specialized  to  a  small  spectral  range 
in  the  neighborhood  of  one  of  the  oscillators,  far  enough  from 
the  resonant  frequencies  of  the  others  so  that  there  is  from 
then  no  absorptive  contribution  and  so  that  their  effect  in  the 
region  concerned  is  specified  only  by  a  refractive  index  n,  , 
then  for  this  region  the  prior  equations  become: 

— _ 

(cu,*- 2.3 


Zrtk 


2.4 
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Tho  nuaerlcal  ealculatioa  of  tbo  optical  constants  and  froa  then 
of  the  aontal  reflectance 
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is  still  tedious  and  is  not  expressible  la  any  algebraic  fora 
siaple  enough  for  analysis.  Further*  the  expression  of  arith- 
notic  results  la  conplicated  by  the  need  to  assign  values  of 
the  refractive  Index  n,  and  the  value  of  p,  so  that  special  cases 
aust  be  considered.  Figure  7  shoes  the  aoraal  reflectance 
that  is  predicted  torn,  •  3  and  p  -  3*  the  latter  group  selected 
with  coaplete  arbitrariness.  This  produces  little  change  fron 
the  reflectance  of  0.25  associated  vith  the  refractive  index 
ft,  *31  a  local  reflectance  saxlaun  occurs  on  the  low  frequency 
side  of  resonance  and  the  variation  in  reflectance  tu  alsost 
syaaetrical  about  the  resonance  point. 

The  influence  of  an  Increase  in  teeperature  is  postulated 
to  be  a  broadening  of  the  band,  evident  as  an  increase  in  "g" 
together  vith  a  possible  snail  effect  of  themal  expansion, 
vhich  vould  decrease  If  slightly.  Xt  is  expected  that  band 
broadening  sight  be  the  sajor  effect,  so  that  here  an  increi^e 
in  tesperature  is  visualized  to  increase  the  danplng,  g,  and  to 
thus  decrease  quantity  p.  Figure  7  contains  results  for  various 
values  of  p,  assuaed  to  differ  because  of  differences  in  bimd 
vldtb.  Because  the  band  vidth  enters  also  into  the  value  ot  X  , 
vhich  is  the  abscissa  of  Figure  7,  that  abscissa  has  been 
noraalized  In  seasures  of  the  daaplng  g  that  is  associated  vith 
p  •*  4.  Xn  addition  to  the  reflectance  calculated  fros  Squatlon 
2.6,  the  absorption  coefficient  is  sbovn  also  to  illustrate  the 
increase  in  band  vidth  associated  vith  seller  values  of  p. 


Wg.  7;  Effect  of  Bead  Broadening  on  Spectral  Reflectance 


since  the  Index  of  refraction,  n,  ,  is  taken  as  a  fairly 
high  value,  the  qualitative  picture  shown  on  Figure  7  nust  be 
associated  with  a  fairly  narrow  spectral  region  and  the  local 
effects  associated  with  this  oscillator.  With  a  narrow  band 
width  there  is  a  pronounced  variation  in  reflectance,  with  a 
Minlaun  on  the  high  frequency,  short  wave  length,  side  of  res¬ 
onance.  Aa  the  band  width  Increases,  the  variation  Is  snoothed 
out  and  the  local  variability  of  the  reflectance  Is  diminished. 
But  In  the  present  results  such  a  behavior  for  the  reflectance 
Is  shown  only  for  oxidized  nickel  in  the  region  of  10  microns, 
while  all  the  other  materials  show  either  ill-defined  or  opposite 
effects. 

Figure  8  shows  additional  results  obtained  from  Equation 
2.6  and  2.7,  primarily  for  1,  so  that  the  single  oscl7'.u.or 
la  construed  now  to  be  the  controlling  Influence  on  the  1.'  .ex 
of  refraction  over  broad  spectral  regions,  as  in  the  sensu  of 
the  optical  properties  that  are  determined  by  lattice  vibra¬ 
tions  at  reststrahlen  frequencies.  The  reflectance  nr.xlnum 
now  occurs  on  the  high  frequency  side  of  resonance  and  a  broad¬ 
ening  of  the  band  produces  the  spectral  reduction  in  the  maxi¬ 
mum  reflectance.  At  high  frequencies  the  reflectances  approach 
each  other  gradually.  This  behavior  is  suggestive  of  that  of 
much  of  the  experimental  data,  for  which  at  short  wave  lengths 
the  low  temperature  reflectance  exceeds  la  IncT'easing  amount  the 
high  temperature  value  as  the  wave  length  Increases.  The  re¬ 
duced  reflectance  In  the  region  of  the  reflectance  maximum  is 
Indicated  exper^jaentally  by  the  majority  of  the  results,  though 
Inconel  and  BS25  are  exceptions. 

The  foregoing  analysis  of  course  assumes  a  homogeneous 
film,  which  Is  not  the  nature  of  the  oxides  and  coatings  for 
which  the  experimental  results  have  been  obtained.  In  fact, 
the  non-homogeneity  that  must  exist  may  lead  to  different 
be^-avior  than  that  ludlcated  above  because  of  the  effect  of 
Inter-ref lectlocs  within  the  material.  Th>'s  effect  will  in¬ 
crease  the  reflectance  when  k  Is  jmall,  for  the  the  radiation 
can  penetrate  the  material  and  so  be  subi«*  .  to  later-reflection, 
while  when  k  Is  large  this  cannot  take  pxace  and  the  reflection 
will  be  that  associated  with  a  homogeneous  film.  This  behavior 
can  then  diminish  the  kind  of  variation  of  reflectance  shown  on 
Figures  6  and  7  and  conceivably  could  invert  it. 
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Ill 


3.1  iBtrj^aetioB 

A  elaaaie&l  prescrlptios  tos  tha  predletioa  of  tha  total 
BOTsal  eslMlTitp  of  aatals  ia  tha  aquation  which  is  obtained 
froa  ttm  Hagan-Rubans  ralatioa  for  tha  spectral  aaiasiritf.  Th© 
total  norsal  aaisairity  so  speeifiad  is 


€  =  0.576 -ffT 


P  w  Mm>eM 

T  w  “K 


3.1 


Other  forns  of  this  kind  of  result  hare  been  obtained  by  re¬ 
taining  additional  tarns  fron  tha  expansion  fron  which  the 
spectral  result  originates.  Siailar  expressions  for  the  beni- 
spherical  total  aaissiwity  have  been  obtained  by  first  inte¬ 
grating  the  spectral  value  over  the  27r  solid  angle  into  which 
the  enisaioh  occurs.  Jakob susaarizes  such  results  which 
are  largely  those  of  Schnidt  and  Sekert^^'.  Abbott  at  alt^)» 
retain  additional  terns  in  the  expansion  to  express  Equation  3.1 
as 


€  =  0.578-^'ff'  -0.179  fT  +  0.4-4-ffT)^^ 


and  they  demonstrate  that  this  predicts  well  the  total  enis- 
siviiy  of  platinua  which  they  seasured  at  temperatures  as  high 
as  1S00<%. 

Enough  is  known  about  the  spectral  eaissivity  and  optical 
properties  of  those  netals,  for  which  Equation  3.1  appears  to 
epplf*  to  establish  the  Inapplicability  of  the  siaple  Drude 
theory,  of  which  the  Hagen-Rubens  relation  is  the  asymptotic 
fora  for  long  wave  lengths.  The  correspondence  that  la  achieved 
is  the  case  of  the  total  ealttance  appears  therefor  to  be  a 
kind  of  coincidence  and  the  present  purpose  Is  a  review  of  the 
spectral  properties  of  the  transition  netals  nickel  and  plati¬ 
num.  together  with  theories  which  support  their  properties 
particularly  at  elevated  temperatures,  in  as  effort  to  estab¬ 
lish  the  reason  for  the  apparent  suitability  of  Equation  3.1 
for  th®  p^dlction  of  th©  total  ©sigsivity. 


m 


I.S  Spisctr&l  &Bl88ivity  and  Optical 


Xlaetrosasnetlc  theory  specifies  the  noraal  ecisslvity  la 
terns  of  the  comp' dielectric  coastaat,  a  -f i  k.  la  the 
BO^isclature  of  Pepperhoff  (^)  this  enissivity  Is 


^  _  2y  Z-f  m*-*-  0*-  ’  +  e. 

shar®  V ^  +  /  •♦■ 

*  •  W*—  A*  /J  « 

free 

The  dispersion  can  be  evaluated  fron  tbs  classical/electron 
theory  of  Drude,  ehich  gives 


vhere 
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a  wave  leagth  close  to  the 
location  of  the  nlnlBun  of 
the  reflectivity 


the  ''relazatioa”  vave  length, 


associated  with  the  DC  conductivity  ^  v  ,  { tr  is  the 

relaxation  time).  For  \>/0\g^  ,  approxlnatsly.  Equations  3.2, 

3.3,  3.4  give  the  asyaptotic  fora 
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This  Is  the  Hagen-Rubeos  fora  for  the 
In  practical  units  Equation  3.5  becones 
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saall  •aoufh  to  bo  negligible.  Givens C'^)  shoes  this  coxt®3» 
pondsnce  for  n  nuaber  of  Betnls,  though  a.  fit  of  the  experliras" 
tnl  results  by  Iquation  3.3  end  3.4  deeands,  la  particular,  the 
assumption  of  a  conductivity,  ,  that  is  considerably  beloe 
the  D.  C.  value.  This  difference  is  in  part  due  to  the  surface 
stress  in  the  specinens  froa  vhfeh  sere  deterBlned  the  experl*° 
sental  values,  but  even  under  the  best  conditions  the  conduc¬ 
tivity  required  by  the  theory  is  of  the  order  of  two  thirds  of 
the  D.  C.  value  and  in  sose  eases  this  factor  is  one  tenth. 

In  transition  netals,  such  as  nickel  and  platlnun,  the 
frequency  Halt  on  Internal  photoelectric  absorption  decreases, 
and  the  effect  is  iap^rtant  at  wave  lengths  as  great  as  5  to 
10  alcrons.  Most  of  vhe  values  of  the  optical  constants  of 
these  aetals  are  available  only  for  shorter  wave  lengths. 

Baking  iapossible  a  logical  fit  on  the  basis  of  Squat ions  3.3 
and  3.4.  For  nickel,  however,  Beattie  and  Coan^^f  obtained 
optical  constants  at  wave  lengths  as  high  as  14  alcrons  both 
at  20<%  and  270<>C  and  they  plotted  these  results  on  the  Argand 
diagraa  to  establish  a  line  representing  the  Drude  theory  in 
teras  of  the  presuasd  asjfaptotle  behavior  of  the  optical  con¬ 
stants  r.t  long  wave  length.  Figure  9  shows  these  results  for 
both  electropolisbed  and  buffed  nickel  and  for  the  latter  thes^ 
is  indicated  the  associated  Drude  line.  It  is,  however,  not 
clear  froa  this  work  bow  the  wave  length  scale  wais  established 
on  the  Drude  curve,  that  is,  how  A,  ,  was  chosen,  though  the 
chosen  values  are  realistic  in  tersss  of  (N/s)*. 


v(The  aabigulty  does  not  occur  in  the  case  when  at  least  om 
experlseatal  value  falls  on  the  line,  for  this  establishes  one 
wave  length  on  it  and  this  was,  in  fact,  the  situation  in  the 
only  case  is  which  Beattie  specified  directly  the  way  in  which 
the  wave  length  scale  was  established.) 


<r  ctu 


le  points  are  those  of  Beattie'  /  Une  "c”  ia  the 
■ne  asstnaed  for  buffed  nickel. 


Vltb  vft^c  leufths  kaom  both  ob  the  Drud®  lia®  $tM.  ior  tbm 
•sperleeBtBi  d&t&,  Beattie  cosaected  cosrregpoadlQg  points  hy^ 
weetom,  the  cosponeats  of  mhicbf^^^x  Md  repre¬ 

sented  the  contribution  of  the  anoBalous  absorptios.  Ha 
observed  that  this  cmatribution  «as  essentially  independent  of 
tespesvture  insofar  as  could  be  deduced  froa  bis  results  at 
20^  and  250**C.  If  this  assumption  is  saintalned  for  all  tes- 
peratures  then  the  contribution  of  the  asosalous  absorption, 
knoen  as  a  function  of  the  vara  length,  can  be  added  to  that  of 
the  Drade  theory  as  evaluated  isplicitly  for  various  tespes^- 
tures  by  selection  of  appropriate  values  of  . 

In  another  point  of  viev,  Roberts hss  shoun  that  by 
using  the  Drude  theory  for  a  double  set  of  charge  carriers 
(which  is  its  original  fora),  the  optical  constants  for  nickel, 
platinua,  and  iron  could  be  specified,  and  on  this  basis  the 
conductivity  that  is  needed  in  the  theory  is  auch  closer  to  the 
DC  value  than  that  which  is  required  la  the  usual  application 
of  that  theory.  The  optical  constants  are  then  given  in  the 
tenes: 
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3.7 


with  tto  following  values  of  conductivity  and  relaxation  wave 
length  lor  rooa  teaperature. 

Table  1 


or,  *fO 

Micron 

Mier(» 

oha  Meter 

oha  Meter 

Pt 

1.37 

305 

1.03 

8.22 

Hi 

.70 

44 

.45 

7,90 

Fe 

.39 

75 

.34 

9.53 

Optical  constants  found  frc^  Equations  3.6  and  3.7  and  the 
values  given  in  the  Table  are  shown  on  Figure  9  and  these 
correspond  well  with  the  experlaental  values  for  electropolisbee 
nickel  at  wave  lengths  below  7  alcrons. 


To  obtain  a  prediction  for  higher  teaperate;?^  ao  eetlsmtei 
■U8t  be  Bade  regarding  the  effect  of  temperature  on  the  relaxa¬ 
tion  wave  lengths  X  2«  and  \  25*  night  be  assssed  that  they 
decrease  equally  and  figure  9  contains  the  optical  coastants 
that  are  indicated  by  a  reduction  of  one  half  la  both  of  the 
nave  lengths.  The  relative  effect  that  is  obtained  in  this 
way  Is  at  short  wave  lengths  opposite  to  the  trend  found  ex- 
perlsentally  by  Beattie  and  there  are  evident  no  alternative 
assuaptlons  which  would  Improve  the  nature  of  the  teaperature 
dependence  of  the  optical  constants  as  they  are  prescribed  by 
Roberts  theory. 

Roberts'  equations,  with  the  values  given  in  Table  I,  are 
shown  by  bin  to  fit  available  optical  properties  for  wave  lengths 
up  to  4  nicrons,  and  they  will  do  so  fairly  for  constants  avail¬ 
able  up  to  5  nicrons.  Spectral  emlsslvities  calealated  from 
these  corafants  do  not,  except  for  magnitude,  correspond  well 
with  neaaured  values  for  X  >  1  micron,  so  that  there  Is  some 
question  as  to  the  validity  of  the  constants  at  these  wave 
lengths.  The  constants  available  for  platinum  de  not,  more¬ 
over,  extend  to  wave  lengths  large  enough  to  enable  an  appraisal 
such  as  presented  for  nickel  by  Beattie.  In  cnmeiqnence,  there 
turns  out  to  be  almost  no  support  from  data  on  optical  constants 
for  the  spectral  emlselvltles  that  have  been  determined  for 
platinum. 

3.3  Spectral  Wormnl  Btlsslvlty  of  Hlckel 

Figure  10  abows  the  spectral  normal  emlsslvlty  thst  Is 
calculated  from  Bquatlon  .1.3  for  buffed  nickel  from  the  optical 
constants  that  were  obtained  by  Beattie  and  which  arw  shown 
in  Figure  9,  and  beyond  10  mi.crons  from  the  Brads  theory 
associated  with  those  results.  At  very  long  wave  lengths  there 
Is  shown  the  magnitude  of  Bquatlon  3.5  to  which  tbs  Drude  result 
becomes  asymptotic.  For  comparison,  there  is  also  shown  the 
position  of  Equatloh  3.5,  the  Bagen-Rubens  law,  when  the  D.  C. 
conductivity  Is  used  therein. 

Values  of  the  emlsslvlty  for  higher  teaperatnres  mre 
shown  In  terms  of  the  prediction  from  Beattie's  results  for 
smaller  values  of  X«  ,  though  to  make  these  resnlts  specific  a 
relation  between  Xa.  and  the  teaperature  must  still  be  choeem. 

The  position  of  Equation  3.5  Is  Indicated  for  comductlvitles 
which  are  one  quarter  of  the  room  teaperature  values,  nsd  as 
the  value  of  Xa  decreases,  the  Orude  contribution  approaches  the 
linear  fora  of  Equation  3.5  and  the  anomalous  eoatrlbutlon  la 
proportionately  less,  so  that  the  fora  of  the  spectral  eals- 
slvlty  curve  becomes  Increasingly  like  that  of  Equation  3.5. 


3*5  for  the  lodieated  reeiatieittee 


of  th®  espsctr&l  ceiasfvity  ci£.lculat®d  also 

frG&  Eoborts*  thoory  with  th®  addltlocal  postiilate  that  both  of 
th«  TolasatioR  wav®  lensths  dlalnlsh  equally.  Figure  11  8bOT!;@ 
the  reevl’-ts,  for  reductions  in  relaxation  vare  letaffth  coBpar» 
able  to  those  which  yielded  froa  Beattie's  presentation  the 
results  shown  on  Figure  10.  For  roos  tesperature  the  eBissiwlty 
that  Is  predicted  ie  conparable  in  fore  though  lower  than  that 
given  on  Figure  10,  an  expected  result  because  of  the  lowor 
absorption  of  Roberts'  prediction,  which  is  conparable  to  that 
of  electropolished  nickel.  Reduced  values  of  produced  a 
snail  effect,  though  the  enisslvity  near  10  sicrons  increases! 
BubstaatiallF  as  is  reduced.  Rationalisation  of  these  effects 
is,  however,  difficult  because  of  the  cosplex  way  in  which  the 
optical  constants  are  involved  in  Equation  3.2. 

Figure  12  shows  soee  experiaental  walues  for  the  spectral 
eniaeivity  of  nickel  at  roon  tenperature,  obtained  as  reflec¬ 
tance  in  a  cavity  (Gier-Dunkle)  reflectoneter,  and  in  an  in¬ 
tegrating  sphere.  Theee  values  are  higher  then  those  predicted 
fron  the  optical  constants  of  Figxire  9  (Curve  a)  and  the  excess 
is  probably  due  to  a  greater  surface  atrees  in  the  polished 
sanple  fron  vbich  the  reflectance  values  were  obtained.  At 
long  wavelengths  the  eniaeivity  is  low  and  the  poor  accuracy 
of  the  results  is  evident  in  their  scatter. 

The  only  results  available  at  higher  tesperature  appear  to 
be  those  of  HurstC^O),  obtained  as  enissivitiea  in  a  vacuun  for 
wave  lengths  between  1  and  6  nicrons.  These  are  shown  on 
Figure  4,  and  compared  to  the  absorptlvities  for  low  tenperature, 
their  relative  nagnltude  is  rcnarkably  like  the  slailar  relation 
between  the  predictions  for  low  tenperature  and  for  one  half 
the  relaxation  wave  length  typical  of  the  low  tenperature.  Curv® 
"k",  which  represents  Squatioo  3.5  evaluated  with  the  D.  C. 
conductivity  corresponding  to  2290^,  shows  that  this  predicts 
the  nagnltude  of  Buret’s  results  and  is  in  fact  considerably 
bettor  than  the  sinllar  correspondence  at  low  tenperature  be- 
tveon  experisont  and  Squatioa  3.5. 

3.4  Spectral  Horsal  Enisalvity  of  Platinua 

Reoulte  arc  available  for  the  optical  constants  of  platinoB 
only  at  roon  tenperature  and  for  short  wave  lengths,  and  these 
can  be  represented  by  Roberts'  equation  evaluated  with  the 
■agsltuden  contaiaed  in  Table  I.  When  the  optical  constants  so 
obtained  ar©  used  in  Equation  3.2  for  the  evaluation  of  the 
enisslvity,  the  predicted  values  are  conpletoly  at  variance  with 
experiiaeutal  results.  In  addition,  when  predictioea  for  re¬ 
duced  relaxation  timee  aro  Bade,  as  they  were  for  nickel  to  giro 
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tfa®  7@sult0  Bhmn  OQ  Figure  11,  the  spectral  sBissivltF  ia 
fcuai  to  Iscresse  subs taut iall;  at  short  save  leugths  and  In- 
slptiflematljr  at  long  wave  lengths.  It  Is  inferred  that  the 
presentlf  known  optical  constants  nay  be  of  insufficient  accur¬ 
acy,  and  they  are  certainly  not  known  at  sufficiently  large  wave 
lengths,  to  perait  an  acceptable  prediction  of  the  spectral 
eaissivity.  The  further  consideration  of  the  experimental 
values  of  the  eaissivity  therefor®  lacks  the  guidance  of  any 
theoretical  prediction. 

Figure  13  contains  values  of  the  eaissivity  inferred  froa 
esperisental  values  of  the  .eflectivity  aeasured  at  rooa  tea- 
perature.  These  reflectances  are  high  and  the  consequent 
experlaental  scatter  is  severe,  aore  so  than  in  the  case  of 
nickel.  The  tvo  sets  of  data  shown  are  at  some  variance,  a 
difference  perhaps  attributable  to  cleaning  procedures,  or  to 
changes  in  the  surface,  as  the  lover  of  the  reflectances  ob¬ 
tained  at  low  teaperature  were  secured  after  the  sample  had  been 
heated  to  1900<>R  in  an  omittance  determination.  The  higher  of 
the  two  reflectances  agree  reasonably  with  the  reflectance  curve 
given  by  Pepperhoff (6) . 

Results  at  hJghrtt'  teaperature  vers  obtained  both  as  emlt- 
tanee  and  am  refl'  with  generally  satisfactory  agreement 

between  the  two  ;  With  respect  to  those  for  rooa  tem¬ 

perature,  there  it  ^aled  the  sane  trend  as  was  apparent  for 
nickel,  which  entai.>s  a  substantial  increase  in  ealttance  at 
long  wave  lengths  and  an  inappreciable  effect  for  wave  lengths 
between  1  and  3  microns. 

Positions  are  shown  for  the  lines  describing  Equation  3.5, 
the  Bagen-Rubens  law,  evaluated  with  the  D.  C.  resistivity 
corresponding  to  the  temperatures  involved.  Particularly  at 
the  higher  temperatures  this  rspresents  ths  results  quite  well. 

3.5  Total  Bormal  Baissivity 

Total  normal  emisslvitles  can  be  obtained  by  integration 
of  the  spectral  values  and  thess  total  values  are  of  interest 
both  for  appraising  how  well  such  total  values  agree  with  those 
that  have  been  aeasured  directly  and  alco  for  examining  further 
tl^  apparent  worth  of  Equation  3.1  for  the  prediction  of  these 
values  when  that  equation  is  evaluated  on  the  basis  of  ths 
D.  C.  conductivity.  The  total  values  obtained  fro®  spectral 
values  are,  however,  subject  to  varying  degrees  of  uncertainty, 
depending  on  the  proportion  of  the  black  body  emissive  power 
that  Is  contained  in  spectral  regions  in  which  the  spectral 
enlsslvlty  is  not  ac'tually  known.  Table  II  contains  such 
fractions  for  various  temperatures. 
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Clearly,  tb®  availability  of  spectral  values  la  the  rasge 
iron  1  to  20  aieroas  provides  for  reasosable  predictioas  for 
tenperattxres  froa  1000  to  4000^,  while  for  500^  there  is  coa- 
siderable  uocertaiaty  which  aust  be  resolved  by  soae  appropri¬ 
ate  estisate  of  the  ealssivlty  for  loager  wave  leogths. 

Total  ooraal  eaissivities  for  oiekel  are  shown  on  Figure 
14  and  that  figure  contains  a  curve  which  represents  experi- 
aental  values  of  the  total  noraal  ealssivity,  the  curve  being 
that  given  by  Goldsaltb,  et.  al.d^).  A  point  is  shown  for 
2000^,  as  obtained  froa  the  spectral  ealssivity  as  given  by 
Hurst,  together  with  a  slight  extrapolation,  up  to  10  aicrons, 
based  on  the  trend  revealed  by  the  predicted  eaissivity.  This 
point  is  8%  below  the  curve  representing  the  exp«rlnental  values. 
Another  point  Indicates  the  prediction  based  on  the  experlaental 
data  for  room  teapevature,  together  with  the  presuaption  that 
at  longer  wave  lengths  the  ealssivity  would  be  that  given  by 
the  prediction  aade  froa  the  Beattie  results.  This  point  coin¬ 
cides  with  the  experlaental  curve. 

Another  curve  in  Figure  14  indicates  the  prediction  a^s 
froa  Equation  3.1  when  the  D.  C.  value  of  the  conductivity  is 
used  for  the  evaluation.  The  departure  froa  experlaental 
values  is  not  too  great  between  SOO^R  snd  2000<*F  and  this  kind 
of  agree^nt  was  already  indicated  on  Figure  4  where,  partlcu^ 
larly  at  the  higher  teaperature.  Equation  3.5  provides  a  fair 
approxiaatlos  to  aeasured  spectral  values.  That  coincidence 
is  not  quite  sis  good  at  500°R,  but  there  a  preponderant  con¬ 
tribution  to  the  total  ealssivity  is  aade  at  longer  wave  lengths. 
There  are  no  data  in  this  region,  and  the  relative  positions  of 
Equation  3.5  and  thr  ’Seattle  result  indicates  that  a  lower  eals¬ 
sivity  will  be  obtain froa  Equation  3.5,  as  is  shown  on  the 
Figure. 


Finally,  there  are  shown  on  Figure  14  further  points  not 
derived  froa  data  but  froa  tb©  results  obtained  froa  Beattie, 
interpreted  in  a  special  way.  Beattie’s  results  for  tenpora- 
ture®  of  Sf0%  aad  530®E  iadie'iat©d  values  of  hg  in  th®  rEtie 


fig.  l4:  Total  RoriBal  Italaslvlty  of  nickel. 

Curve  a,  froa  ref.  11;  curve  b,  Bq.  3.I  with  D.  C. 
realatlvlty;  curve  c,  Beattie,  with  relaxation  time 
proportional  to  actual  conductivity. 


of  rooflilf  1.^,  a  ratio  aucb  loss  tbsm  that  of  tM  0.  C.  em« 
4@otivitiOE  at  thoeo  too  tonporatures.  lith  th®  ralu®  of 
tahsa  to  depead  oa  taaperature  ia  th@  oay  that  is  iaforrad  frm 
Beattis's  resolte,  total  osissivities  eaa  bo  oaleolatsd  fr^ 
tbm  s^etral  miissivities  associated  oith  the  too  saialler  oalu@8 
of  Xs  that  are  sUooa  oa  Figure  10.  These  are  shoos  as  poists 
oa  Figure  14  aad  these  values  praetieall;  eoiaeide  oith  the 
predietioa  fros  Bquatioa  3.1.  Curve  "c"  of  Figure  14,  aho^  la 
eoBtrast  the  uasatisfactorr  values  of  total  eaissivitF  that  are 
predicted  fr<»i  the  apeetral  values  shooa  oa  Figure  10  if  the 
value  of  X|  is  takea  as  iaversely  proportioaal  to  the  actual 
0.  C.  eoaduotivity. 

Total  aorsal  oadssivitles  for  platiaua  have  beea  Masured 
by  Abbott,  ot.  al.  for  toaperaturss  froa  1400(*E  to  3400<*F  aad  & 
curve  ropresoatiag  these  results  is  saooa  in  Figure  IS.  Slace 
the  resistivity  ox  platiaua  varies  liaearly  oith  the  absolute 
toaporature,  Xqfuatioa  3.1  iadlcates  that  a  xlnear  reiatioa  is 
oxpoeted  for  the  ealssivity.  Tais  exista  sad  is  the  basis  for 
ths  ostrspolation  of  the  experlaeatal  llac.  to  looer  tenpera- 
tures.  Liaes  for  Bquatioa  3.1  are  shooa  oa  the  Figure,  for 
D.  C.  coaductlvlty  evaluated  fron  a  refereace  sad  also  from 
aessuresBeats  oa  the  ealssivity  saaples  asde  by  Abbott.  As 
shooa  by  hla,  botb  are  close  aad  the  latter  evaluatioa  prffic°- 
tically  coiacidee  oith  the  experlaeatal  results. 

Abbott's  results  reveal  that  higher  values  of  the  eais- 
aivity  are  obtaiaed  after  the  saaple  has  beea  oaiatalned  at  aa 
elevated  teaperature  for  a  eoasiderable  period  of  tiae,  aa 
effect  due  to  alteratioa  of  the  surface  of  the  aaterial,  os° 
teeslbly  caused  by  recrystalllzatioa,  otaieh  say  be  iaitiated 
at  teaperatures  above  about  1500^.  After  a  loag  period  of 
heatiag  to  teaperatures  as  high  as  2500°?,  lacreases  ia  eals> 
sivity  of  the  order  of  10%  oere  fouad. 

The  spectral  eaissivities  shooa  oa  Figure  13  have  beea  io« 
tegrated  to  obtain  total  ealsBlvitles  aad  the  results  are  shooa 
as  poiats  oa  Figure  15.  Considerable  uncertainty  is  associated 
oith  ths  polats  at  rooa  teaperature  ohich  oere  obtained  by 
assuaiag  for  long  wave  lengths  a  spectral  oaissivlty  variation 
of  the  nature  Indicated  by  Equation  3.5,  aatchiag  the  aeasured 
values  la  the  region  of  10  aicrons,  though  the  value  of  Xs 
is  apparently  £iuch  saaller  for  platiaua  than  it  is  for  nickel 
and  thia  iaproves  the  accuracy  of  this  assuaptloa.  At  2000^E, 
the  total  ealssivity  obtaiaed  froa  the  spectral  value  is 
reasonably  close  to  the  aeasured  total  values.  At  low  ten^r- 
ature  the  Integrated  value  that  io  obtained  froa  spectral 
reeults  corresponds  best  with  the  extrapolation  of  the  lime 
xepresmtiBg  the  aensurod  total  eaissivities. 


Wg.  15:  Total  Ilonaal  OalBalrlty  of  PlatlniBs. 

Curre  a,  Abbott,  experlaental;  curve  b, 
Bguatlon  3»1»  Abbott  resistivity;  curve  c, 
saoe,  haodbo^  resistivity.  Points  corre^ond 
to  Wgure  13. 


file  applicability  of  Equatloa  3.1  ia  tbe  cas®  of  platiata, 
aa  it  oaa  to?  oicksl,  r«ata  oo  the  colocideaee  that  at  high 
^mmr&tur^  it  happsaa  to  iodicate  quite  veil  the  spectral 
esisslvlty  for  vave  leogths  troa  1  to  15  aieroas.  It  does  aot 
do  so  Bear  rooa  tesperature,  but  at  that  teaperature  there  is 
a  ssall  aaouat  of  the  total  eoergy  la  that  spectral  regloa  sad 
Equatloa  3.5^  free  which  Equatloa  3.1  is  derived,  still  gives 
a  fair  iadleatloa  of  the  »agDi::u}d0  of  the  spectral  eBisalvlty 
ia  the  regloa  \>10  aicroos  shieh  the  atajor  part  of  the 
radiatioB  occurs.  Another  instance  of  the  applicability  of 
Equation  3.1  is  given  on  Elgure  32  for  the  total  enittance  of 
the  alloy  platinua  -  13%  rbodiua,  though  la  that  evaluation 
there  is  actually  considerable  uncertainty  regarding  the  elru- 
trieal  resistivity.  While  spectral  properties  are  not  avail' 
able  to  provide  reasons  for  that  correspondence,  it  is  ezpe6.«d 
that  the  situation  relatively  la  like  that  for  platinua. 

3.6  The  Effect  of  Surface  Stress 


The  well  krovn  effect  of  surface  stress  in  altering  the 
optical  constants  in  a  way  that  results  in  a  decrease  ia  the 
reflectivity  of  a  aetal  nay  in  itself  contribute  to  a  corres¬ 
pondence  of  the  reflectance  vith  the  prediction  of  the  Hagen- 
Bubens  law  in  spectral  regions  for  which  the  lav  night  no^  be 
expected  to  apply.  Such  would  be  the  case  if  the  decrease  in 
reflectance  was  relatively  greater  at  short  wave  lengths,  so 
that  its  contribution  would  produce  an  effect  relatively  the 
sane  as  that  of  the  anonalous  absorption  that  has  been  pre¬ 
viously  considered.  Zn  this  regard  there  are  presented  here 
certain  results  that  were  obtained  by  Bussoll(i3)  tor  the 
reflectance,  at  roon  tenperature,  of  roughened  and  polished 
sanples  of  copper  and  321  stainless  steel  which  illustrate  that 
one  effect  of  the  stress  is. to  nake  the  distribution  of  the 
spectral  reflectance  like  that  of  the  Hagen-Bubens  law. 

Figure  16  presents  results  for  copper  and,  of  the  absorp- 
tsnees  shows  there,  only  for  an  electropolished  sanple  was  the 
trend  of  the  absorptance  like  that  expected  fros  the  Drude 
theory.  The  absorptance  of  a  nechanically  poliebed  surface  is 
higher  and  for  wave  lengths  fron  1  to  10  nicrons  this  absorp- 
tsnee  varies  with  wave  length  in  the  way  that  is  indicated  by 
the  Hages-Rubens  lav,  equation  3.3,  though  with  nagnitudes 
greater  tbui  that  predicted  by  that  lav  for  the  0.  C.  con¬ 
ductivity  at  ro<ni  tenperature.  This  is  the  behavior  that 
corresponds  to  the  statesents  that  do  appear  in  the  literature 
about  the  relative  suitability  of  the  Hagen-Bubens  law  for 
predicting  the  spectral  refleettmee  of  even  as  good  a  eon- 
dnetor  as  copper. 
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produce  a  surfaee  harisg  usduXatleas  1.25  ■ieroaa  is  baigtat,  at 
a  ap^log  of  about- 0  Bicross^  tbe  abeorptasca  «aa  iaereased 
three  fold  at  va^e  lasftbs  above  2  aicroos,  aad  for  tba  loogar 
vavo  lesgttotba  power  lav  depeadeoce  of  the  Eagen-Rubeas 
e<|BatlOT  wee  approsisatelp  aaiotalaed.  This  increase  in 
sorptasee  was  not  due  to  interreflectios,  for  ehen  a  roughened 
surfaeo  of  this  tppe  was  electropoliataed  an  abaorptasce  typical 
of  the  anootb  eleetropolished  surface  aas  restored,  even  though 
the  surface  retained  appreciable  roughness  after  the  electro°> 
pollshiaf  operation. 

figure  17  ahovs  the  absorptance  of  Bechanically  poliabed 
aad  of  roughened  321  stainless  steel  to  indicate  for  the  forcer 
the  applicability  of  the  Hagen-Rubens  equation  to  wave  lengths 
as  abort  as  1  aicron  aad  for  the  latter  the  preservation  of  a 
soeMwhat  siailar  spectral  dependence.  For  this  saterial,  the 
correspondence  with  that  equation  is  expected  to  be  better 
because  of  its  relatively  high  electrical  resistivity  and 
correspondingly  larger  value  of  . 

Figure  18  shows  relatively  poor  data  for  polished  Bolyb- 
denuB,  vhleb  despite  its  scatter  reveals  the  lair  appllcablllt/ 
pf  Squation  3.5  for  wave  lengths  as  short  as  2  alcroas.  Results 
are  also  shown  for  a  sacoth  aacbined  surface  of  this  Batsrlal, 
for  ehich  the  absorptance  it  Bucb  higher,  preeuaably  because 
of  the  higher  surface  stress.  A  poser  las  is  indicated  by  this 
data,  though  its  slope  is  perceptibly  different  than  that  of 
the  Bsgen-Rubens  las. 
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4.1  latrodnctloa 

Th«  •llBlnfttlon  of  that  aging  offact  vhich  la  doa  to  oxida¬ 
tion  of  the  saapla  requires  a  high  racuua  or  an  inert  ataospbere 
to  surround  the  aaaple  for  ehich  the  radiation  properties  are 
to  be  detenained.  The  systen  here  described  achieres  this 
requirenent  in  a  unit  in  vhlch  both  nomal  spectral  and  normal 
total  enlttances  can  be  determined  in  the  temperature  range 
from  1900<^  to  30000?.  10  fora,  the  arrangement  that  was  chosen 

for  this  systen  eaa  that  described  by  the  requirement  of  iden¬ 
tical  optical  paths  for  observation  of  the  sample  and  of  the 
reference  cavity,  together  elth  fixed  positions  for  these  tvo 
elements.  In  this  respect  this  system  is  similar  to  the  inter¬ 
mediate  unit  ehich  eaa  described  before (D  and  from  which  were 
obtained  the  results  for  spectral  emlttance  that  appear  in  this 
report. 

4.2  System  and  gnclosure 

The  essential  elements,  the  sample  beater  and  the  reference 
cavity,  are  located,  together  with  a  moveable  mirror  thru  which 
the  line  of  sight  is  directed  to  either  of  these  elemente.  in  a 
tank  which  is  16  inches  in  diameter  and  36  inches  long.  The 
tank,  beater,  and  cavity  are  shown  on  Figure  19  and  the  axes 
of  all  three  lie  in  the  horizontal  plane.  The  line  of  sight  for 
spectral  determinations  originates  from  either  the  sample  or 
from  the  cavity  and  by  the  moveable  mirror,  positioned  exter¬ 
nally  through  a  selsyn  motor  operating  against  stops,  passes 
thro^b  a  window  in  the  side  of  the  tank  into  the  cooventional 
collimating  systen  in  which  the  radiation  is  chopped  and  focus¬ 
sed  on  the  inlet  slits  of  a  Perkin-Xlmer  Model  98  monocbromdter. 
Horizontal  slits  are  located  at  the  focus  which  exists  at  the 
chopper  location  and  these  s.'its,  in  combination  with  the  ver¬ 
tical  moaochronator  inlet  slits,  define  the  an  a  viewed  on  the 
sample  and  on  the  cavity  opening.  At  the  latter  location  a 
height,  defined  by  the  horizontal  slits,  of  about  3  milli¬ 
meters  has  been  used  at  an  operating  temperature  of  1500<>F;  the 
width  of  the  viewed  area,  depending  on  the  monochromator  slit 
opening,  is  much  less. 

A  system  for  the  neasurensnt  of  total  emlttance  (not  yet 
installed)  consists  of  a  thermopile  detector  and  spherical 
mirror  which  foctissee  energy  on  the  detector  from  either  the 
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aanplc  or  the  cavity ,  the  alghtlitg  area  beiag  defiaed  hy  a 
ahlald  at  the  detector  location.  The  apberlcal  alrror  la 
located  within  the  tank  In  a  poaltlcn  oppoalte  to  that  of  the 
window  and  the  apherlcal  alrror  recelvee  energy  via  the  ■oveahle 
plane  alrror,  properly  oriented.  The  reflectances  of  the  two 
alrrora  are  high  enough  to  Introduce  a  negllr^lble  error  Into 
the  detemlnatlon  of  total  ealttanee,  which  ueteralnatlon  la 
considered  to  be  essentially  a  check  on  the  spectral  values 
tha.t  are.  obtained. 

The  tank  la  evacuated  by  a  aachanlcal  vacuus  puap  and  In 
operation  under  vacuun  the  pressures  have  ranged  between  one 
and  seven  alcrons.  Argon  can  be  Introduced,  through  a  silica 
gel  drier,  and  with  Inert  gas  operation  the  pressure  used  has 
bean  slightly  above  ataospherlc. 

4.3  Cavity 


The  cavity  Itself  la  a  graphite  tube,  with  an  Internal 
disaster  of  ^  Inch  and  a  length  of  2-3/4  Inches  froa  the 
orifice  to  the  btck,  where  the  tberaocouple  Is  located,  as 
shown  on  Figure  20,  The  orifice  opening  Is  0.30  Inches  In 
dlaaater.  A  ceraalc  tube  surrounds  the  graphite  core  tube 
and  on  this  tube  there  are  wound,  near  the  frost  end,  two  turns 
of  heavy  (80  all)  t\ingsten  wire,  while  on  the  reaalnder  of  the 
length  of  this  ceranlc  tube  are  contained  two  separate  (40  all) 
tungsten  heaters.  This  asseably  Is  ceaeated  and  enclosed  In 
a  split  ceraalc  tube,  which  Is  wound  externally  with  an  80  all 
tungsten  wire  to  fora  the  prlaary  heating  unit  and  provide  for 
aoet  of  the  tbemal  load.  This  asseably  Is  encased  In  another 
ceraalc  tube  to  provide  for  further  teaperatuxe  reduction  and 
the  apace  between  this  tube  and  the  Jacket  Is  filled  with 
Flberfraz  Insulation.  The  Jacket  Itself  contains  cooling  colls 
through  which  water  Is  circulated.  A  wire  suspension,  together 
with  the  tightness  of  the  Flberfrax  packing,  aalntalns  the 
position  of  the  core  tube  In  the  Jacket. 

In  Initial  operation,  at  a  teaperature  of  about  1800^, 
the  two  turn  (80  all)  Internal  heater  was  wired  la  series  with 
the  slallar  external  beater  and  the  beat  produetloa  near  the 
front  of  the  cavity  was  excessive,  so  that  the  teaperature  at 
the  orifice  section  was  substantially  above  that  at  the  back  of 
the  cavity.  Pending  the  Installation  of  a  separate  electrical 
supply  for  the  front  heater,  that  heater  was  disconnected,  so 
that  thereafter  the  teaperature  of  the  orifice  seotlon  was 
about  130^  below  the  teaperature  at  the  back  of  the  cavity. 
Optical  pyroaeter  aeasureasnts,  together  with  the  aagnltude  of 
the  ealttances  observed  for  certain  Inconel  sasplee,  lead  to 
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tbe  cMelttsloa  tb&t  thd  of  th®  cavitjr  aust  mss 

tonporatiai^  ladieatod  by  tb®  bask  thersocouplo  aad  tbst  tbls 
to^oratttfo  vm  iadosd  dost®  to  tb®  black  body  tosparature  of 
tbA  o^rglffig  rsdiatioa. 


4.4  Ssapio  Bostog 


Tbs  deeisioa  to  protride  fo?  suaplo  heatlos  by  iXTadiatioo 
of  tbo  back  of  tbo  sunplo  by  a  fursaco,  as  sboaa  on  Flgurs  21e 
vas  based  on  tbo  desire  to  retain  aeslaiia  flexibility  with 
regard  to  saaplo  tblekness  and  substrate  aaterial.  A  7/8  inch 
disaster  aaaple  is  affixed  to  a  bolder  eade  of  thin  aolybdeaim 
sheety  tbs  support  being  by  tabe  ehieh  project  into  the  furnace 
openi^  for  registration.  A  tab  projects  beyond  the  edge  of 
the  Jacket  for  resoval  of  the  awple  assenbly  and  this  tab 
supports  a  coraaic  insulator  tor  the  vires  of  the  thermocouple 
that  is  melded  to  the  heated  face  of  the  sample.  The  front 
(cooled)  face  of  the  aolybdenus  sample  holder  contains  a  central 
holey  id»out  0.3S  inches  in  dianetery  through  vhieh  the  sample 
la  Tleeed,  and  the  sample  holder  then  acts  as  a  partial  radian 
tion  shield  on  the  front  of  the  sample. 

The  fumscs  contains  a  single  vinding  of  80  mil  tungsten 
mlroy  mith  general  features  of  insulation  and  cooling  similar 
to  those  oa  the  cavity* 

A  door  on  the  frost  of  the  unit  provides  additional  iasula«- 
tion  and  opens  to  enable  introduction  and  removal  of  the  sample 
tolder.  A  mater  cooled  shieldy  made  of  stainless  steely  is 
located  in  the  center  of  the  door  and  its  one  inch  Internal 
diameter  is  the  opening  through  mbleh  the  sample  is  viemed. 

This  Internal  surface  of  the  shield  is  honed  smooth  to  produce 
specular  reflection  and  ainimlze  any  rsfleetion  of  radiation 
back  to  tb©  surface  of  the  si^le. 

4.3  Measuggmnt  of  Spectral  laittaace 

Tlie  ealttanee  is  deduced  trom  the  responses  o£  the  thermo¬ 
couple  detector  in  the  Bonocbromator,  whan  the  cavity  is  viewed 
and  ebon  the  sample  is  viewed,  together  with  the  temperatures 
inferred  from  the  themocouples  on  the  sample  in  the  cavity. 

In  the  following  discussion  It  is  asswesd  that  the  temperatures 
ar^  correct  and  that  the  cavity  Is  indeed  black,  though  obvious 
errors  can  arise  from  these  sources  also.  The  detector  response 
is  assuaed  to  be  linearly  proportional  to  the  difference  be¬ 
tween  the  energy  entering  the  monochromator  with  the  chopper 
closed,  and  the  constant  of  proportionality  used  here  includes, 
with  other  factors,  the  angle  factor  of  the  energy  stream  at  tbs 
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*0(5  tfe®  ©f  tto  i©  tfe^s  tasi&o 

Of  ttiat  energy  reaching  the  detector  frea  the  serface  of 
the  ••as2>le  aa  *  result  of  reflection  thsrefrt^,  one  component 
arises  froa  laterrefleetioe  betveen  aaaple  an(d  vindoo.  Slsc@ 
the  elndoe  reflection  la  specular,  this  Is  equivalent  to  the 
irradiation  of  the  sample  by  its  iaags  in  the  spocul&r  vindo^. 
The  distance  bstseen  the  sample  and  its  isage  in  the  vindo^  Iss 
about  20  inches  and  thus  a  negligible  amount  of  energy  la  r®-° 
turned  by  thie  reflection, 

A  Bore  laportant  contribution  to  the  radiosity  of  th® 
saaple  surface  arisen  froa  the  diffuse  admission  ol  thip 
mirror  and  of  the  elndoe  £’.AL«  the  latter  reaching  the  aampls) 
surface  by  may  of  the  alrror  ehlch  in  this  connection  is 
assumed  to  be  of  unity  reflectance.  With  A  the  area  of  the 
eindoe,  the  irradiation  of  the  sample  is  (  AS  F  ,  or,  by  re¬ 
ciprocity,  AgK^f^a^,  and  eith  diffuse  refiacflon  the  contribu¬ 
tion  to  the  saaple  radiosity  la  then€^iX^«-.  But  7_  .004 

and  ainee  S^«  S  ,  tbia  contribution,  and  the  slBilar  con¬ 
tribution  from  t'e  airror,  la  negligibly  ssall.  If,  hosevor, 
the  reflection  of  the  saaple  la  specular,  then  the  effect  is 
more  severe  because,  la  view  of  the  snail  aaaple  area,  practi¬ 
cally  all  of  the  irradiation  is  reflected  into  the  cone  of 
observation,  for  shlcb  the  angle  factor  is  practically  F  . 

Thus  the  addition  to  the  emission  froa  the  ssaple  Is,  in*the 
cone  of  observation,  €  <^ue  to  the  ealsslon  from  the 

«indo«  and  Cj|S^r2  due  to  eaisaion  from  the  mirror  and  it  turns 
out  that  for  specular  samples  of  lev  emlttance  the  emissive 
pomers  of  the  vlndov  and  airror  must  be  minimized. 

In  addition  to  these  components,  the  sample  is  irradiated 
by  the  surface  of  the  shield,  for  vhlch  the  angle  factor  to  the 
surf*''e  is  large,  and  in  addition  there  is  a  anall  contribution 
from  I .  I  interior  of  the  tank.  The  temperature  of  this  irradia¬ 
tion  is  beloTT  that  of  the  external  surroundings  but  the  ensuing 
algebra  is  simplified  soaeehat  by  taking  the  ealsslve  poreer  of 
that  irradiation  as  2^,  the  some  as  that  of  the  external  sur¬ 
roundings.  Then  the  contribution  to  the  reflectod  energy  is 
r2Ao»  end  this  contribution  exists  only  for  a  diffuse  sample. 

A  further  contribution  to  the  aosochremator  input  arises 
from  direct  emission  from  the  mirror,  tho  vlndom,  and.  the  tvo 
external  mirrors,  of  emissive  pomer,  located  upstream  of 
the  chopper.  If  the  rays  of  these  emissions  which  do  enter  tho 
monochromator  are  traced  backward,  they  impinge  os  the  saaple 
in  the  viewed  area,  so  that  to  the  first  order  tho  effect  of 
these  added  emlzslons  is  identical  to  an  addition  of  these 
emissive  powers,  based  os  appropriate  eBiaalvltias  of  tfe® 
sample  surface  or  at  tfeo  cavity. 
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All  ef  tb®s@  effeete  at®  tabulatedl  is  t@  iadiaat® 

tto  total  eoatsfiMtioa  to  th©  dsteeto?  s^mponsm^ 


Saaplo 

Cavity 

l^ission 

sofligible 

Intor  reflection  eith 
eindo^ 

0 

,  specular 
s^pl© 
only 

Befleetion  of  elndow 
irradiation 

0 

Befleetion  of  airror 
irradiation 

0 

r2B^  diffuse 

■asple  only 

Befleetion  of  irradiation 
froa  shield  and  taxdE 

Interior,  ^ 

0 

^.Sb 

Direct  eaission  froa 
airror 

Direct  emission  froa 
windoe 

W  u 

Direct  eaission  from 
external  optics 

®o 

Less  radiosity  of  chopper 
surface 

So 

Detector  RespoQse 
Propcrtlosel  to  set  value 


Thus  the  ratio  of  the  detector  respouses  for  the  sight  oa  the 
ssBple  aad  for  the  sight  on  the  cavity  is  for  a  diffuse  sanple 
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4.1 


m  ff®!?  a  bsej^Ij© 


Sa  _  Ewl  ^^>aE»o'~Eg 

OMMwraB?  ^0  ^wii  ■  ■' ■  I— *^*‘*— ■— r— r""aniTa^— "JTi— JW-wg— — 
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Vov  tlDS  •alasive  juaver  of  tho  »oT«Abl«  Blrror  Bad  of  ttisi  window 
ar«  not  kaam  aad  it  Is  nsesaaary  to  dscids  on  tto  llMts  of 

soeurse;  of  tbffl  seittesoe  vbiefe  Is  sirsleated  seo@«?dis^  to  tfeo 
ssifttios^ 


?»(^r  E.) 

MET-EJ  4.S 


Ths  eoaparisoa  is  Indirset  bsesus*  tbs  ssIssIts  possrs  of 
tbs  sisdos  sad  sirror  srs  sctuslly  sot  kaosa,  bat  tbs  sssuaptloa 
of  Tslttss  Bueb  higbsr  tbaa  tbsjr  srs  szpsetsd  to  bs  ladlestss 
that  tbs  salttsacs  of  tbs  ssapls  csa  bs  dstsralasd  «ltb  asg- 
llglbls  srror  froa  Iqiostloa  4.3  absa  tbs  ssapls  is  dlffnss  sad 
shsB  :’.ts  saittsBcs  is  grsstsr  thsa  0.30.  Ybsa  tbs  saittsaos  of 
tbs  ssapls  is  bslos  this  trslus,  sad  psrtioalsrlx  absa  tbs  ssapls 
is  spseulSTy  tbs  factor  by  ahieh  Equatioa  4.3  aast  bs  aultiplisd 
to  spscifp  tbs  saittaacs  as  girsa  by  Iquatioa  4.2  bscoass  aors 
iaportaat.  Tbs  factor  is: 
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2€^E»  *UmE^+€^E 
[E.-E,7 


■1] 


€.  + 


rE.-E.j 

Clearly,  tbs  sseoad  tsra  ia  tbs  dsaoBiastor  oust  bs  aueb 
Isss  thsa  2  saittaacs  is  to  bs  obtained  sccuratsly 

froa  Equation  4.3.  For  rsry  saall  raluss  of  €9  tsra  is, 
for  •>  0.10,  €,  ■*  0.10,  approaiaatsly 
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O.ZO 


O.ZO 


£2 

Ex 


-  0.00  ~ 


4.5 


Fitb  airror  and  aindoe  tempera turos  of  300^,  greater  tbaa  they 
are  espsetsd  to  bs,  ssapls  at  1500^  and  surrouadlngs  at  70^, 
this  group  bae  tbs  ralus  of  0.01  at  15  aicroms.  This  iadleatsei, 
eoarroetly,  tbat  difficulties  will  ariso  sith  aetallic  esBples, 
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Kg.  22:  Spectral  Reflectance  of  Oxidized  Inconel 

CRjtalned  aa  Bnlttance  In  Vacuua  and  Argon  at 
Ttenqperature  Indicated. 


tbs  •Blttane*  of  which  may  bo  loss  than  0.10  at  Ic^  vaoo 
loogtho.  But  tho  situation  In  this  caao  la  moro  eoaplicatod, 
and  orrora  arlao  also  from  affocts  asaoelatad  with  tho  trann- 
mlttaneo  of  tho  vlndoo,  which  oust  alao  bo  aeeountod  for  If 
tho  onlttanco  of  apocular  aurfacos  that  aro  poor  aalttors  is 
to  be  owaluatod  correctly. 

4.i  Preliminary  Baaulta 

The  initial  operation  of  thia  ayatea  waa  with  an  oxidised 
Inconel  sample,  not  identical  to  but  similar  to  that  for  which 
reflactanees  are  shown  on  Figure  1.  Temperatures  ranged  from 
1900^  to  1800^,  with  raeuum  and  with  argon,  and  the  emittancea 
that  were  obtained  are  shown  on  Figure  22.  A  high  degree  of 
conslateacy  is  realised  at  ware  lengths  abore  2  microns,  and 
the  results  agree  generally  with  those  shown  on  Figure  1.  The 
comslderatioas  of  the  preceding  section  indicate  that  little 
error  would  be  expected  in  these  emittances,  obtained  from 
Bquation  4.3,  because  of  the  high  emlttanes  of  the  material, 
but  it  is  of  interest  that  no  perceptible  detector  response  was 
obtained  when  the  mirror  was  placed  parallel  to  the  window. 

This  indicates  the  relatively  small  value  of  the  contribution 
of  the  emission  from  the  mirror  and  the  window  to  the  detector 
response. 


_ _ S 


vor®  bM@  1i% 

stead  for  tsEapsraturos  bslo^  sod 

■sltfe  tte®  gaffl  fir®d  stead  i®  tfea  rass®  frca  1800®F  t©  . 

¥St®  dsteminstlosei  of  both  spootral  sad  total  aelttsace 
sore  sffootod  s<9rioiaal^  b^  tbo  fsilaro  of  bssjt  of  tb«  e&rof^ly 
propsnsd  tbsr»ooouplos«  csi&sod  b;  separation  of  tbs  tab  to 
vhieb  tb®  tbsrB<^o«£ple  «as  sttaobsd  or  bj  oxidation  tbrougb 
tho  eoa.tlBg  eauoiog  ssparatioa  of  the  tbaraoeonplss.  0«ida*° 
tloft  diffictslties,  oithor  on  ths  original  tborsoconplos  or  m 
tbo««  stteobod  during  the  tsets  by  brs>akifig  tbo  coating  «id 
ooldlsg  to  tbo  eubstrato,  liaitod  tbs  saaplo  tonpsraturo  to 
1200^  for  onittance  datsrnlsations.  Table  XI  is  tbs  history 
of  tbsmesouplo  life  and  uso  on  thaae  saaplos.  Section  5.3, 
5,4,  5.5,  present  tbo  results  for  these  natorials.  With  slight 
additions  these  results  are  identical  to  those  of  the  lotter 
roport  to  the  Aeronautical  Syetens  Division,  Atts:A8BCFT-l, 
datod  June  32,  1961. 


Befleetance  S^plee, 

7/8"  D 

Material 

Ronbar  of  Soisplas 

Tb@r^oomaple 

XI  b  X£ 

2 

lIOi29 

XX  fe  IS  4^  ¥10^ 

2 

II  >#■  PerroboroE 

2 

licno 

Hnt®rinl 


XX  4-  m 
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Speetral  EBittanco  SaiEpleB,  l->7/8"  D 


Attached  SoEiarhs 


Cb°Al 


C.T.  Trout  thorraooouple 

broken  on  unvrappin^, 
book  ths>2«ocouple 
failed  before  operate 
ing  tesperaturo 
attained.  Ro  rusus 
nude  \3itb  thi@  se^ple 

U.C.  folded  to  b&s®  netal 

at  back  of  ss@plc. 
Dsoafel®  bcslo®  1300®? 


Total  gaittaacc  Saaplaa,  4-1/2"  x  4-1/S” 


Mmtffis'istl 

Tboraocouple 

Attacbad 

By 

RoBarka 

XI  ^  X^  4^  TIO^ 

Cb>Al 

C.V. 

Tberaocoaplc  failed 
at  1300^,  readings 
at  lover  tceperatures 
appear  to  be  low  due 
to  possible  separa¬ 
tion  of  eeraalc. 

11  12  TiOj 

Ch’Al 

(28-gaug«  «lr«) 

O.C. 

Voided  to  base  netal 
at  back  of  saaplOt 
Useable  to  laooof. 

11  4  12  TIO, 

?t-Pt  13%  Rh 

C.?. 

Ceraale  attacbeent 
aeparated  upon  Instal¬ 
lation  la  apparatus. 
Optical  pyroaeter 
used  exclusively. 

11  Tomroboron 

Ch-Al 

C.T. 

Tberaocoeple  failed 
at  1300**r.  Previous 
readings  low;  Indic¬ 
ated  partial  separa¬ 
tion  of  eeraalc,^ 
gauge  Cb-Al  tberao- 
couple  revelded  on 
back  by  D.C. 

11  plus  TorroboroD  Cb-Al 

(28-sauKe  vlre) 

B.C. 

Voided  to  base  netal 
at  back  of  saaple. 
Useable  to  IROO^F. 

II  4'  Fe?3fObo70@ 

Pt-Pt  13%  Rb 

C.T. 

Satisfactory  up  to 
3500^  after  wblcb 
readings  becaae  low. 
Ceraale  separated 
after  reaoval  from 
apparatus. 

fToa  a  scapl®  cut  trm  tb®  i«>7/8  iaeb  ss&ple  alter  tbe  spectral 
Milttaaee  deterainatloas*  aaS  thaae  results  are  siailar  to  tb@s® 
oa  Figure  23.  AAditioaal  ageiiig  at  higber  teaperatures 
I'roduca  ebanges  io  tbe  relleetaaee,  as  sbouB  by  tbs  eorre  oa 
figure  6  aad  by  tbs  results  oa  Figure  24»  ebieh  preseats  tbe 
results  obtaiaed  frcat  reflectaaee  seaple  go.  8  after  a  sueces- 
sioa  of  a^ag  periods  at  2000^,  la  air.  Scsae  of  tbe  iaorease 
la  refleetaaee  sboea  there  is  attributed  to  tbe  preseaee  of 
aad  ec«e  of  the  refleetaaee  Bialaa^  such  as  the  oae  at 
3  aieroasy  appear  to  be  due  to  absorptioa  aaviaa  of  MoOg* 
figure  23  also  eoataiaa  the  reflsotaaees  aeaaurad  oa  a  sample 
cut  Iron  the  4^"  x  4^”  suittaacc  SMiple  after  operatioe  at 
..dOO^  aad  tbe  laereased  refloetaace  is  siailar  to  that  ladiea*" 
tod  oa  figure  24  as  tbe  ooase<3ueece  of  afeibg« 

Spectral  teittaaee 

Values  are  shorn  oa  figure  23,  as  obtaiaed  at  1!^'^;  Tl^ 
Bssm  ralues  appear  oa  figure  6,  to  rereal  a  geaeral  eorresposo 
deaee  with  the  loe  temperature  refleetaace  except  at  uave  leagtlige 
abore  10  alcroas. 

Total  Roraal  &Bittaaee 


figure  89  preseats  tbe  results  for  total  aoraal  esittsace 
aad  the  rarlous  poiats  distiaguish  results  obtaiaed  with  diff@r<^ 
eat  thermocouples  (m4  also  vith  differeat  sasples  of  this 
aaterial)  as  veil  as  those  for  which  teuperatures  laf erred 

tTcm  optical  pyroE^ter  iadicatioas  coabiaed  with  the  spectral 
eaiittsaee  at  0.80  aicroas  that  is  shown  oa  figure  23.  ^e 
results  idiore  2000^  were  obtained  with  the  gas  fi^d  stand  wlth< 
la  a  period  of  oa@  hour. 


The  waluen  fouad  for  the  total  aomal  euittanee  show  sttb«> 
staatial  scatter,  together  with  a  taadeacy  to  dlaiaish  as  the 
temperature  laerooses.  There  is  better  eg^emeat  at  the  high 
teaporatures  with  a  sredietioe  aade  frt^  the  soeetral  rofleetrae 
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TQEftL  BGBMAL  SSmTAHJS 
Chasce  Tou^t  ZI'<>  n 


O  Ch-Al  SSierffloajuple,  B*^  Mounted,  U.  C. 

□  Cb"Al  BieriEJKOV^f la ,  Chance  Vou^t?  Froot. 

A  Pt»Ft  13^  Fh  BienK«o\®le,  Oxaneo  Voug&tj  Kpont. 

Sys^oleA  0  ©iBdicste  that  ealttsaca  calculated  ftm  tSmrasceuple 
ladlcatloa. 

Sy^eluA  □  OlMleate  that  ea^ttanc®  calctslfited  trm  eftieal 
p^otxtsr  Indication* 

Curvea  ore  lategppetcd  apectrol  toIvko. 

Ho  froM  original  opectial  reflactonce  easels* 

R  trat  opectml  reflectance  e®pl@  cut  froa  total  esittanc©  oaspleo 
X  froB  Bpectrsl  ffidttCBc®  results  of  sa^le  Irdlccted  by  o  In  Fig*  gg 


ism 

of  tbio 


aaaple  etst  iscm 
tmt  tto  eoattos* 


total  ssmplo  At  th®  9BI& 

so  fstiat  that  &  iism  em 


Mffcrest  restsltSf  ss  shows  oa  Figias’S  2S,  ver®  obtAis®4 
ism^  th®  two  seflsctaao®  sasplss  botwoos  3  aa4  11  aieross;  aaS 
fleas’®  6  s^wa  that  m  third  ssapls  seals  prodaeed  diffsrsat 
rssaltS;  bsiag  lowsr  la  th®  spsetral  rosioa.  A  fourth  ssspl®, 
obtsiasd  frtm  th®  total  SBittaaee  seapl®  aftar  haatiag  to  2S00< 
shows  a  furthor  altoratioa  of  spootral  propsrtlos,  diasiailar 
to  the  agise  affoct  rovoalod  oa  figur®  6.  Th«r®fore,  th«s® 
results  ladieat®  a  substaatlal  diffeireac®  betweea  saaples  as 
'ssll  as  a  prooouaoad  affect  of  agise« 


Ttt0  valuo  of  spectral  eaitteacOf  obtaiaed  at  13O0^»  c@rres°- 
poad  poorly  with  the  spectral  refleotaaees  that  are  shows  oa 
fieuro  3Qp  but  figure  6  raw&als  as  appreciable  i^roreiaest  is 
t!»9  oorreepoodoBC®  ®h@a  the  observatlooa  at  low  aad  high  t®i3" 
perati^®  wars  nad®  oa  tbs  sat^  sa^lo  with  surface  ooaditioso 
as  mearlf  ideatical  as  peooible« 

Total  Werasl  gaittaace 

figure  37  costaios  the  results  for  total  aoraal  eBittaoe®, 
with  th©  syabols  ladicatisg  a  dlstisetioo  batweeo  saaples  as 
well  as  betwees  the  theraocouples  affixed  to  then.  The  scatter 
is  agslB  severe,  aad  it  is  eaphaslzed  sore  by  the  dual  set  of 
polsts  at  high  temperature,  as  obtained  from  the  themocouple 
asd  froa  optical  pyroseter  readings,  the  latter  being  inter- 
preted  oa  th@  basis  of  an  enittaace  of  0.90  at  0.66  sicrons. 


Tb©  experimental  results  agree  with  the  predictions  aade 
fr^  th®  observed  values  of  spectral  ealttasce  but  this  corres¬ 
pondence  Is  clouded  by  the  variability  observed  is  different 
samples  of  this  aaterial.  The  total  ealttaaee  decreases  slightly 
as  the  temperature  Increases,  aad  this  reduction  is  supported  by 
the  effect  of  aging  shown  os  Figure  6  and  by  the  liaiting  pre¬ 
diction  obtained  from  the  reflectance  associated  with  the  total 
eslttaace  s^ple  after  the  eoapletion  of  those  observations. 


5,5  fought  11  sad  tX  Plus  flaias  Sprayed  TtO; 


O  Qi-Al  Tbenaocouple,  Back  Mounted ,  Un  C> 

□  Cb-Al  Cieraiocouple,  Cbance  Vougbt;  Front. 

A  Pt-Pt  13^t  Rh  aeroocouple,  Qiaace  Vought;  Front. 

Syiai>ol84  09  Vindicate  that  eslttance  calculated  frois  Thermocouple 
indication. 

Q^ols&  □  Olndicate  that  emlttance  calculated  from  optical 
pyroD»ter  indication. 

Curves  are  integrated  spectral  values. 

Rq  t^osi  original  spectral  reflectance  saa9)le. 

B  from  spectral  reflectance  sample  cut  from  total  emlttance  s^nple. 

I  fr«m  spectreil  emlttance  resiilts  of  8Ba?)le  indicated  by  □  In  Fig.  ^ 


Figure  28  abors  gauar&l  agraesset  tbe  teo  7/8  ia@^ 

rafleetasc®  saaples  and  tbes®  reflectancas  In  turn  oerraspond 
Quite  vail  «ith  the  spactral  esittance  acaeurad  on  om  of  th® 
•aittance  sasploe.  Sufficl«nt  variability  «siatad  la  the  coat¬ 
ing,  however ,  to  produce  substantially  larger  spectral  eBlttanc®i3 
in  the  second  enittance  aaaple.  The  reflectance  obtained  froa 
this  second  sanple,  shown  on  Figure  6,  does  generally  agree  with 
the  spectral  enittance  values  obtained  fron  it.  Apparently 
the  Ti02  coating  was  thinner  on  this  particular  sanple  resulting 
la  a  lolrar  reflectance. 

Figure  6  indicates  that  aging  further  reduces  the  reflec¬ 
tance  of  the  sanple  and  this  behavior  is  also  evidsat  in  the 
reflectance  shown  on  Figure  28  that  was  obtained  Iron  the  total 
enittance  sanple  after  operation  at  2800^,  though  for  this 
latter  aaaple  the  original  reflectance  was  apparently  nearer 
that  of  the  high  values  shown  on  Figure  28  for  tbs  first  enit¬ 
tance  sanple  and  the  reflectance  saaples. 

Spectral  Enittance 


The  difference  in  the  spectral  ealttanoes  of  the  two  saaples, 
sliown  on  Figure  28,  was  duo  to  differences  in  the  eeatlngs.  The 
enittance  for  one  of  tbe  eaapleo  agrees  well  with  the  reflectance 
neasured  fron  the  7/8  inch  saaples  while  tbe  enittance  fron  tbe 
second  agrees  in  nagnitude  with  the  reflectance  neasured  later 
fron  the  sane  speciaen,  as  indicated  on  Figure  6. 

Total  Romal  Bnlttanee 


Figure  29  contains  results  which,  for  tenperatsres  below 
1200Oy,  include  sons  values  fron  a  sanple  with  a  Cbronel-Alunel 
themocouple  attached  by  the  Chance-Vought  Co.  Tnsse  are  be¬ 
lieved  to  be  high,  particularly  since  the  themocouple  attachnent 
separated  conpletely  at  1300^.  Sinilar  failure  occurred  with 
the  platinuB-rhodlua  themocouple  and  consequently  all  high  tem¬ 
perature  results  were  obtained  fron  optical  pyroneter  observa¬ 
tions,  baaed  on  a  spectral  enittance  of  0.77  at  0.66  nicrons. 

In  placing  this  saaplu  on  tbe  ceraalc  support  ring  of  the 
gas  heated  enittance  stand,  nolybdenua  disilicide  powder  was 
placed  between  tbe  sanple  and  the  ceramic  surface,  this  being  on 
the  observed  side  of  the  sanple.  When  tbe  sanple  was  reaoved 
after  operation  at  2800^F,  after  a  period  of  about  40  ninutes 
at  tenperatures  in  excess  of  2100*^  at  which  the  results  shown 
on  Flgurs  29  wsm  obtained,  all  the  coating  bad  dlsappe^md 
fron  the  sanple  surface  that  had  been  in  contact  with  tbe  disi¬ 
licide,  and  bare  netal  appeared  there.  The  2  inch  diaseter 
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Fig.  28;  Spectral  Properties,  Chance  Vox;ght  II  4*  DC  +  TIO^ 
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ng.  29 

Tom  RcmAi.  somio 

(Suffice  Vou^t  n>  IX  ^  tlaae  Sprayed  Ti^ 

O  Cb-Al  Uienncouple,  Back  Mouated,  U.  C> 

□  Oi-Al  It>erBocoiq>le,  (Suffice  Vaught;  Traat. 

6k  Pt-Pt  13^  Rh  (Rennocouple,  Oionce  Vou^t;  Froat. 

Syabole  A  CD  <D indicate  that  emlttasce  calculated  fRa  Ibcnsocouple 
indication. 

Syi^ols  A  □  Oindlcate  that  eotittance  calculated  CRa  optical 
pyrtHseter  Indication. 

CvayQB  are  Integrated  spectral  values. 

Rq  froa  original  spectral  reflectance  sai^le. 

R  froa  spectral  reflectance  saa^le  cut  froB  total  ealttsnce  sa^le. 

E  froa  spectral  enlttance  results  of  sef^le  Indicated  by  ^  in  Pig.  23. 


m 


Mate?  vtem  tb®  araa  mm  located,  mm  ratter 

blaefe  aai  mmm  of  tb®  ortmg®  color  that  origlsali^  oalstod 
appoerod  to  resaisa  vbile  tb®  back  of  tho  oaapl®  that  ba4  bmmm 
eapao®d  to  tbs  gas  flase  had  a  glasod  appoaraseoa  still  rather 
oraags  Is  eolor,  but  othervis®  istact.  The  spectral  reflec- 
tmsm  obtaisad  from  the  test  surface,  after  this  operation, 
are  shows  on  Figure  28  and  reveal  sob®  changes  la  ccsiparisos  to 
the  values  topical  of  the  original  reflectance  sasple,  but  the 
original  reflectance  of  the  particular  eeaple  used  for  tb®  total 
esittanco  doterainatios  van  sot  knoes. 

Figure  29  also  contains  predictions  of  the  total  eaitttec® 
m  obtained  froa  certain  spectral  ealttances  and  of  these  the 
beat  correspondence  vlth  the  actual  results  is  associated  with 
the  prediction  based  on  the  spectral  properties  of  the  steple 
cut  ismi  the  sample  frca  which  tbs  total  eaittasces  tbeaselvea 
were  measured.  Heat  best  is  the  prediction  from  the  properties 
of  the  spectral  eaittance  sample  having  the  larger  esittance. 

But  this  apparent  variation  In  propertiea  between  eaaples,  to¬ 
gether  with  the  Bcatter  of  the  results  for  total  eaittance, 

•akea  difficult  anp  specific  conclusion,  though  clearlp  the 
prediction  based  on  the  properties  of  the  7/8  inch  refloctance 
samples  la  definitely  too  low. 


Coated  Metals,  XP-678@,  XP-6790,  Chromallay  9-3 


In  Ifoveaber  i960,  there  were  eubnitted  through  WADS)  three 
saaples  of  coated  oetal  for  the  deteraination  of  total  noroal 
onittance.  The  aetallie  substrates  contained  solybdenua  and 
this  led  to  serious  oxidation  difficulties  at  any  cut  edges  and 
at  the  point  when  the  coating  was  broken  for  thersoeouple  attach- 
•sat  to  the  substrate.  This  latter  action  was  taken  in  the 
hope  at  the  tine  that  high  tenperature  paint  could  be  employed 
to  suitably  seal  this  saall  rupture.  The  hope  was  not  realized 
and  oxidation  occurred,  with  consequent  themocouple  separation. 
Any  further  operation,  as  with  an  optical  pyroneter,  was  then 
Halted  by  progressive  deterioration  at  that  point,  as  well  as 
on  the  tut  edges.  Total  nomal  eaittaneea  were  consequently 
detersinad  only  at  a  few  relatively  low  teaperatures. 


Spectral  reflectances  were  detersined  at  ro^  teaperature 
from  sanpleg  cut  froa  the  original  6  inch  square  saaples  that 
wore  supplied  and  these  results  are  shown  on  Figure  30.  The 
results  for  XP  6790  and  XP  6789  are  alnost  identical,  leading 
to  the  inference  that  the  coating  was  aloost  identical  with 
these  two  saaples.  Also,  this  is  alnost  true  for  the  Chronalloy 
V-2  except  that  the  drop  in  reflectance  fron  its  naxiBus  occurs 
at  a  higher  wave  length. 


I?  tb®  esittese@@  predicted  i^m.  tb«  s^etral 

Mfleetaaees  et  a  temperature  aad  tbs  Mbl«  also 

tte  mmmrnA  value  at  the  £sv  tsBpsratursa  for  «bieb 
remits  'mm  ofetalaed  for  the  total  aoiml  eaittaaee.  fhoa,  for 
them®  total  <»ittaiiees,  the  temperature  ma  iaferr^d  tv&a  u 
bptieal  pi’ro^ter  ohsorvatloar  that  infereaee  eas  i^e  la  torss 
of  t  he  a^g^urod  reflsotivitp  at  lo^  t®aperature  aa4  at  O.S§ 


f^le  Z? 
fotal  gsittaaeos 


I?  6760 

X?  6760 

Chromalloy  W-i 

Pr<9d.  Mean. 

^«d.  Meea. 

Fred. 

Moss. 

540®? 

0.45 

0.53 

0.40 

ISSOOp 

1540®? 

0.61 

0.65 

0.6S 

0.60 

0.66 

16600? 

3840*^ 

0.5S« 

0.7S 

0.74 

0.73 

O.TOe 

sOptleal  pyroffister  used  for  surface  teaperature 


SeT  t&t&l  Bsaitteacese  Platiaua°-13%  Ehedi^iEi  aad  Beas  41 


As  part  of  a  progrss  for  the  eonparisoa  of  teehalQues  of 
detosiBiaatioa  of  the  total  aoraal  effilttaaee»  aeasureBoata  vere 
Bad@  la  D@e@Bber  1960  oa  sasplee  of  Seae  41  <UalteBp  41)  aad  of 
platlous-13%  rhodiuB  as  furaisbed  by  the  Boelag  Aircraft  Co. 

Tho  samples  vere  supplied  vith  theraocouples  attached,  but 
duriag  the  esperissatal  vorfc  these  tbereocouples  were  removed 
aad  aeu  theraocouples  were  attached.  Only  total  eaittaacaB 
^re  measured,  usiaf  both  the  electrically  heated  aad  gas  fired 
staads . 


The  results  sho^  for  Reee  41  (Uniteup  41)  eere  obtained 
fr^  t'so  sauples,  each  of  which  was  about  1/8  inch  thick.  Sample 
go.  1  costElaed  a  Chroael-Musel  theraoeouple  souated  off  center 
on  the  face,  just  inside  the  viewed  area,  with  the  leads  passed 
to  the  baek  of  the  saapls  through  a  bole  near  its  ceater.  The 
symbols  oa  Figure  31  Indicate  the  history  of  the  seasyreacats . 
Th®  initial  operatioan  produced  eeittaaces  that  were  low  at 
high  t@Bporatur@.  Later  a  socond  tbereocouple  was  added  and 
by  cimparisoa  the  original  themocouple  appeared  to  be  reading 
low,  though  this,  of  course,  would  not  account  for  the  lower 
eslttofflces  fouad  initially.  Vith  the  enception  of  the  resulta 
'  of  Dsceober  10th  sad  l@th,  however,  the  results  ar®  eoasieteat 
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Fig.  3^  Total  Baittaaee  of  Rene  Ul 

Sa^le  Ro.  1  Boeing  T.  C.>  CSbk.  A1 
B  I2/l£  (Gaa  Std) 

012/19  (Klee.  Std) 

□  12/21  (Oas  Std) 

012/29  &  1/3  (Elec.)  U.  C.  ISierigocouple  added  used 

S  12/29  (Oae  Std)  U.  C.  Bienao. 

1/4  (Qm  Std)  Baaed  on  Optical  Fjrr. 

Saa^le  nuaber  2  Boeing  T.  C.  Center  Kouat 

^12/^  (EUc.  Std) 


Bie  CTjrve  Indicstee  the  reoulto  In  Ref.  1 
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flgo  32:  tTotal  Baittance  of  FL&tinuEi  13^  Fhodlua  AUojr 


With  Ch°Al  Couple  (Boeing) 

0  12/13  e  32/14  e  12/16 
With  Pt-Pt  10^1  Rh  Co«5>le  (U.  C.) 

X  12/21  □  12/22 

□  12/22  <>12/2r  012/28  (Cas  Stand) 

Qie  curve  ia  the  Hagen-Rubens  Iav,  Eq.*  3*1 
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vtth  tSM  a^omg®  of  oefllo^  ^Q&sstsriEEssistes  oc)  this  mstoi’i&IL„ 
sisQw  bf  a  c«JtrT®  oq  tbo  Sample  Ho.  S  v!^  6@@d 

•stoiusiveiljr,  affid  It  gav®  esiittaes®^  about  6%  loo®?  tbaa  tn^ 
fi^t  aasaple.  Tb®  diff«r©soo  Is  attributsd  to  dlff«7®@is€^  isa 
tbffi  oaldatio^  retfe®?  tha®  t@  eay  effect  of  tbeffrsocouplo  te" 
a  t^^  ^at  to®  0 


All  the  OBltteeeoa  foF  tb®  ssj^ple  of  platiaua-13%  rtodim 
were  obtained  from  a  single  saeple  nbich  was  provided  nltb  a 
,CbroBel— Alunel  tbereocouple,  later  replaced  by  a  platlsiiiiim  *•  1@^ 
rbodiuB  tbemocouple  for  oporation  at  high  teaperature.  Th® 
rearalta  aboen  on  Figure  32  reveal  a  eubatantial  varlatlosi  at 
teaperaturea  beloe  1900^,  oatenslbly  duo  to  osldatio®  of  tbo 
rhodluB,  ehlch  oxide  la  ellBlnated  by  vaporization  at  bigbsr 
tenperature.  Tbe  appearance  of  the  sasple  also  nade  thl£! 
dlstinetlonp  being  dull  in  aoms  of  the  lo^  temperature  opera'° 
tlons  but  becoaing  bright  after  operation  at  high  tesperattaro. 
The  "clean"  values  eould  then  be  best  given  by  the  ainim^ 
values  shoen  on  Figure  32. 

Because  of  the  applicability  as  noted  in  Section  3  of  th@ 
Hagon*Bubens  equation  for  tbe  prediction  of  the  total  aoraal 
CKittanee  such  a  conparlson  is  of  intereet  in  relation  to  the 
OBisalvitles  that  are  shown  on  Figure  32.  Resietlvitiec  of 
Pt*13%  Eh  do  not  appear  to  be  available  and  tbe  closest 
foraation  readily  at  band  ia  for  Pt^lO^  Rh»  which  is  givwn  only 
for  20®C,  ns/^#>  20  x  10”®  oha  en  and 

Only  by  the  rndical  nseunptlon  that  tbe  teaperaturQ  coeffi¬ 
cient  given  Bight  be  used  up  to  very  high  teaperaturss  is  th® 
evnluntion  of  Equation  3,1  possible.  The  result  is  th®  curve 
of  Figure  32.  The  correepondenco  with  tbs  aininua  ossperlsomtal 
values  is  reaarkably  good. 
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